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CHAPTER I 
INTRODUCTION 
The soils in northwestern Worcester County are 
mapped as part of the accelerated soil survey in 
Massachusetts. The Massachusetts Soil Survey Staff 
(D.G. Grice, personal communication) anticipates the 
presence of a significant acreage of Spodosols in the 
survey area. 
The name Spodosol has replaced the older term 
"podzol" which is still commonly used, especially 
outside the United States. The Spodosol order is 
defined in Soil Taxonomy (Soil Survey Staff, 1975), 
as having spodic or placic horizons. A spodic horizon 
is characterized by an accumulation of amorphous 
materials composed of organic matter, iron and 
aluminum. Such accumulations are indicated by 
blackish, reddish, or orange colors contrasting in 
varying degrees with other horizons. Conditions of 
intense leaching and acid, coarse textured soil 
materials are favorable to Spodosol formation (Soil 
Survey Staff, 1975). These conditions occur in 
forested areas of the northeastern United States 
including northern New England (De Coninck, 1980). 
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Spodic horizons are thought to form by the 
translocation of iron, aluminum and humus from the 
overlying organic and mineral horizons (De Coninck, 
1980). These compounds coat soil particles as 
amorphous gels which may change the color, structure, 
and consistence of the underlying B horizons. 
The chemical processes by which the sesquioxides, 
compounds of Fe and Al, are mobilized and 
subsequently immobilized are not well understood 
although two major mechanisms have been proposed (De 
Coninck, 1980; Farmer, 1980). Cheluviation by organic 
acids may precede transportation which takes place in 
percolating soil water. Bacterial agents, reactivity 
of soil particles, or changes in the soil environment 
are some factors which may be responsible for the 
accumulation of sesquioxides in the subsoil (Strobbe 
and Wright, 1959). 
Current taxonomic criteria for spodic horizons 
(Soil Survey Staff, 1975) include chemical standards. 
Quantitative measurement of illuviation and relevant 
soil properties is supplied by laboratory analyses. 
Rigid application of such criteria is not possible in 
a field setting and soil surveyors generally use 
morphological indicators such as soil color or the 
presence of an E or eluvial horizon to confirm 
illuviation. 
The results of laboratory analyses should 
reinforce judgements made in field and are intended 
for questions about spodic horizons so weakly 
developed that positive identification in the field is 
impossible (Soil Survey Staff, 1975). However, the 
focus on products of illuviation in Soil Taxonomy, and 
deemphasis of the E horizon as a morphological 
characteristic has caused laboratory determination of 
spodic properties to prevail over field decisions. 
The diagnostic criteria for the spodic horizon 
require that one or more of the following conditions 
be met: 
1. Have a subhorizon >2.5 cm thick that is 
continuously cemented by some combination of organic 
matter with iron or aluminum or with both; 
2. Have a particle-size class that is sandy or 
coarse-loamy, and sand grains that are covered with 
cracked coatings or distinct dark pellets of coarse- 
silt size, or both; or 
3. Have one or more subhorizons in which 
a. If there is 0.1 percent or more extractable 
iron, the ratio of iron plus aluminum (elemental) 
extractable by pyrophosphate at pH 10 to percentage 
of clay is greater than or equal to 0.2 or if there 
is <0.1 percent extractable iron the ratio of 
aluminum plus carbon to clay is greater than or equal 
to 0.2; and 
b. The sum of pyrophosphate-extractable iron plus 
aluminum is half or more of the sum of dithionite- 
citrate extractable iron plus aluminum; and 
c. The combined index of accumulation of amorphous 
material must be 65 or more. The index for each 
subhorizon is calculated by subtracting half of the 
clay percentage from CEC at pH 8.2 and multiplying 
the remainder by the thickness of the subhorizon in 
centimeters. The results for all subhorizons are 
then added and the total must be 65 or more. 
In the initial reconnaissance work in northwest 
Worcester County, an attempt was made to locate sites 
where observations could be made relating slope and 
aspect to temperature differences. Such measurements 
could also be used to delineate frigid and mesic 
temperature regime zones which may affect spodosol 
development. 
Several obstacles prohibited locating such sites. 
The topography of the region was not composed of distinct 
or regular shapes, but instead had complex shapes 
following north-south topographic trends. Such 
settings would not easily lend themselves to slope and 
aspect studies. Variation in other pertinent factors 
such as parent material and elevation also contributed 
to the problem of finding representative sites. 
In the face of these difficulties it was decided 
to conduct a systematic survey of a representative 
cross-section of northwest Worcester County. Spodosol 
occurrence, appeared sporadic and unpredictable in the 
reconnaissance work and a systematic survey, it was 
hoped, would provide a focal point for further study. 
The main hypothesis of the study described herein is 
that Spodosols represent a significant portion of the 
soils in northwest Worcester County. 
Current soil survey methods rely heavily on use of 
the 300 m (1000 ft) line to distinquish between mesic 
and frigid soil temperature regimes, and mapping of 
Spodosols follows this 300 m elevation line. During 
the reconnaissance work it was observed that the 
occurrence of Spodosols did not conform to that 
criteria. The second hypothesis for this study 
therefore is that the (300 m) line provides an 
arbitrary and ineffective method for Spodosol 
delineation. 
Soil Taxonomy (Soil Survey Staff, 1975) 
established chemical criteria by laboratory analysis 
as a final resolution to problems in identifying 
intergrade Spodosols. Subsequently these criteria 
have been challenged and alternative criteria have 
been offered. The recommendations of the 
International Committee for Classification of 
Spodosols (ICOMOD) include two field methods, along 
with relaxed chemical criteria for accumulated 
sesquioxides. The third hypothesis for this study is 
that field identification techniques including the 
potassium hydroxide extraction for Al, and the humic- 
fulvic color test used with morphological indicators 
such as color and E horizons, are effective in 
identifying intergrade Spodosols. 
CHAPTER II 
OBJECTIVES 
Specific objectives of this study are: (1) to 
describe and sample a representative number of soils, 
(2) to describe morphological properties as observed 
at the pedon sites, and to analyse chemical properties 
in the laboratory, and (3) to assess the spodic character 
of the soils studied based on comparison of various 
field and laboratory methods. 
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CHAPTER III 
LITERATURE REVIEW 
A set of diagnostic criteria for Spodosols was 
published in Soil Taxonomy (Soil Survey Staff, 1975). 
The definition and diagnostic properties of the spodic 
horizon (Soil Survey Staff, 1975) are based on the 
distribution of the sesquoxides in the B, their amount, 
the CEC, and thickness of the horizon. 
The basis for these criteria was suggested by the 
work of Franzmeier (1965, from an unpublished work) 
done in the SCS laboratories in Beltsville, Md. He 
showed the illuvial amorphous material in the B 
horizon occurring as pellets or grain coatings. He 
also devised analytical means of evaluating these 
materials. Most of this methodology was based on the 
fact that CEC in the B horizon was strongly affected 
by heating. By comparing the products of two 
extracting methods, Na-pyrophosphate and citrate- 
dithionate, he concluded that the CEC of the B horizon 
was influenced by organic carbon and to a lesser 
degree by amorphous Al and Fe. Franzmeier (1965) 
formulated a set of criteria based on the changes in 
CEC, and a ratio of extracted C, Al, and Fe to clay. 
By comparing total Fe (citrate-dithionate 
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extracted) materials to amorphous Fe (Na-pyrophosphate 
extracted) materials he distinguished materials formed 
in place from illuviated materials. His work 
suggested that depth and thickness of the horizon 
should be taken into consideration. One of the main 
purposes of the study was to find a way to separate 
the spodic and the cambic horizons. The criteria for 
spodic horizons in Soil Taxonomy (1975) reflected 
Franzmeier's thoughts. 
The amount of amorphous materials can be estimated 
by comparing the Na-pyrophosphate extractable Fe and 
Al to the amounts of clay in the horizon (Franzmeier, 
1965). The expression of spodic properties was less 
in loamy or fine textured soils because the larger 
surface area could adsorb more sesquioxides without 
showing as much effect. The citrate-dithionate and 
pyrophosphate extraction procedures were improved 
(Franzmeier, 1967). The pyrophospate extraction 
procedure also was studied by Bremner and Lees (1949), 
Bascombe (1965), McKeague (1966) and Loveland and 
Digby (1984). There still is uncertainty about the 
best extractant for the amorphous soil component. 
Whereas the above mentioned extraction methods 
assumed organic transport of sesquioxides according to 
the "classical" theory (De Coninck, 1980), Tamm's Na- 
oxalate procedure (1922) extracting inorganically 
complexed Al and Fe had largely gone unused. 
Schwertmann (1959) renewed interest in the oxalate 
extraction procedure and this procedure has been 
studied further by Holmgren & Kimble (1984). McKeague 
and Day (1965) determined that oxalate extracted only 
amorphous materials, but that Na-dithionate extracted 
crystalline materials as well. McKeague (1967) 
evaluated the performance of a mixture of 
pyrophosphate and dithionate comparing it to the 
performance of oxalate in extracting secondary 
accumulation products. He concluded that they were 
comparable and both useful, but that standardization 
of procedures was of formost importance. McKeague and 
Day (1967) suggested that oxalate extraction was 
useful in characterizing spodic horizons because 
extractable A1 was thought to be an excellent basis 
for establishing limits for Bs horizons since it 
correlated closely with the pH-dependent charge. 
After publication of Soil Taxonomy (Soil Survey 
Staff, 1975) considerable work was done to evaluate 
the effectiveness of the criteria to estimate spodic 
occurrence. Avery et al. (1977) tested English soils 
and applied the criteria of the U.S. and the English 
and Welsh soil classification systems. The U.S. 
system appeared unduly restrictive in the areas of 
color requirements and chemical criteria. Wang and 
Rees (1980) evaluated forty-nine soils of different 
parent materials in Canada. They compared the 
efficiency of the U.S. and Canadian classification 
criteria and found that of the forty-three soils that 
met Canadian spodic horizon criteria, none were 
Spodosols by the U.S. criteria. McKeague et al. 
(1983) tested 220 soils in Canada and found that 157 
could not meet the criteria as listed in Soil Taxonomy 
(1975). 
The main obstacle was the requirement for Fep+Alp 
to clay ratio to be greater than 0.2. It was proposed 
that the Fep+Alp to clay ratio be lowered, and the 
ratio of pyrophosphate to citrate-dithionate 
extractable Fe+Al be deleted. Objections and 
modifications were also put forth about the 
accumulation index. McKeague et al. (1983) also 
criticized the "insufficiently precise" requirement 
for pellet-like aggregates which had been included in 
spodic criteria. 
Several modifications of the spodic horizon 
diagnostic criteria have been proposed. Mokma 
(1982) used pedons from Europe and the United States 
to reevaluate the criteria. From this study he 
developed a new set of criteria based on the atomic 
ratio of Fe & Al. Wang and McKeague (1984) reworked 
the published data and concluded that Mokma's criteria 
were not useful. They also offered information from 
an ICOMOD publication in 1984 that confirmed the 
assessment that Mokma's criteria were unworkable. 
Wang (1984) published a summary of methods of 
Spodic horizon classification. He also introduced the 
concepts of illuviated inorganic amorphous Al and Si 
complexes and suggested that the pyrophosphate 
extraction was incapable of estimating the presence of 
these materials. The Holmgren and Yeck (1984) field 
test method was evaluated and although serving a very 
useful purpose was judged to be not sufficiently 
quantitative (Wang, 1984). 
A new definition and criteria for spodic horizons 
was issued by ICOMOD in 1987. The new criteria state 
that a spodic horizon must meet one or more of the 
following requirements: 
1. Have a subhorizon >2.5 cm thick that is 
continuously cemented by some combination of organic 
matter with iron of aluminum or with both; or 
2. Have an upper associated albic horizon or 
remnants of an albic horizon and meet either humic 
color >10, or KOH-Al >0.7%, and B/A Al ratio >2; or 
the color of HC1-HF extract >4. 
3. Have an Ap horizon at least 15 cm thick that 
meets spodic horizon chemical requirements of either 
humic color, KOH Al, or HC1-HF extract; or 
4. Have one or more subhorizons in which: 
a. if there is 0.1 percent or more extractable 
iron, the ratio of iron plus aluminum (elemental) 
extracted by pyrophosphate at pH 10 to percentage of 
clay is >0.1 or if there is <0.1 percent extracta¬ 
ble iron, the ratio of aluminum plus carbon extracted 
by pyrophosphate at pH 10 to percentage of clay is 
>0.1; and, 
b. The sum of pyrophosphate-extractable iron 
plus aluminum is one third or more of the sum of 
dithionite-citrate extractable iron plus aluminum. 
Several of the new criteria were based on 
measuring soil characteristics with the Spodosol 
test kit developed by the SCS National laboratory in 
Lincoln, Nebraska. Existing criteria using Na- 
pyrophospate extraction procedures were modified, 
based on studies discussed previously in this review. 
Holmgren & Kimble (1984) presented a procedure 
which was devised as part of a simple field kit for 
measuring chemical properties important to soil 
survey. This test provides a semi-quantitative 
measure of amorphous Al. Results of Holmgren's 
testing kit compared favorably with extraction of 
amorphous Al with acid ammonium oxalate at pH3 which 
is the preferred extractant for that material. 
However, it was found that oxalate extracted more Al 
from soils with greater than 2% amorphous Al. 
Kimble, Holzey, and Holmgren (1984) evaluated the 
performance of this test on some Andepts and found 
that the results were comparable to oxalate 
extraction in removing amorphous Al. In discussing 
the difficult problem of separating Andosols from 
Spodosols they suggested a B/A ratio of amorphous 
aluminum. This would indicate the illuvial nature of 
amorphous Al in Spodosols, whereas Andosols would 
characteristically show equally high amounts of the 
material in all parts of the profile. 
Holmgren and Holzhey (1984) continued their 
effort to supply field procedures in a study of a 
colorimetric measurement for humic acids. They 
recognized the need for another method to recognize 
Spodic characteristics in Bh horizons which contain 
little Al. They used a method which exploited 
previously documented evidence that humic acids 
accumulate higher in the profile than fulvic acids. 
A weakly alkaline extractant was used to release humic 
and fulvic acids into solution. A flocculent was then 
used to remove the fulvic acid molecules. The color 
of humic acids in this resultant mixture is measured 
by a colorimeter. Holmgren and Yeck (1984) tested the 
KOH and Humic acid color methods on fifty-nine soils. 
These variables were used to develop alternate 
criteria for the spodic horizon by comparing data with 
the existing classifications. 
Other important changes were the reduction of both 
the ratios of pyrophosphate extractable materials to 
dithionate-citrate and to clay. The new criteria were 
used in testing a second set of soils by the same 
field methods. It was found that 88% were classified 
by the proposed criteria in agreement with existing 
criteria. It was thought that the restrictive nature 
of existing criteria excluded the remaining soils. 
Schluppi & McKeague (1984) also evaluated these tests 
and concluded that such tests might yield ambiguous 
results because sample weights and estimates of 
extract colors are not accurate. 
The new revised definition lowered the ratio 
of amorphous to crystalline materials required in a 
spodic horizon. Also the ratio of amorphous 
sesquioxides to clay was lowered. While inclusion of 
these modifications retained the classical concept 
of podzol formation by organic transport, the new KOH 
procedure for extracting A1 appears to be an effort 
to deal with the theory that inorganic transport may 
be a significant agent in Spodosol formation. 
CHAPTER IV 
MATERIALS AND METHODS 
A. Study Area 
Northwest Worcester county is located in the 
central uplands of Massachusetts (Emerson, 1917). 
Nearby landmarks are Mount Wachusetts in the eastern 
proximity, Quabbin reservoir in the southwest, and 
Route 2 spanning the entire central area from east to 
west. 
The climate of Worcester County is temperate, 
fluctuating between mesic and frigid temperature 
regimes in the south, and generally frigid in the 
north. Rainfall is approximately 104 cm (41 inches) 
annually and the soils have udic moisture regimes. 
Elevations range from 198 to 375 m (650 to 1250 f) 
above sea level. 
The topography is rugged, land surfaces are 
covered with rock debris and landscapes are generally 
rolling. The dominant bedrock units are of Hardwick 
tonalite, Coys Hill granite, and several types of 
sulfidic schists related to the Brimfield and Paxton 
units (Robinson, 1983). 
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resulted in extreme elongation of these bedrock units, 
taking the form of nappes or north-south oriented 
bands. These bands seldom exceed 5 miles in width and 
are often less than a mile wide. (Eschmann, 1966). 
All of the bedrock types have a dark color 
indicating high biotite concentrations. The schists 
often have a deep rusty color caused by high pyrite 
content. 
The characteristic north-south direction of most 
major valleys and streams has been exaggerated by 
geologic erosion. Glacial meltwater flowed in the 
north-south valleys leaving water-sorted deposits. 
Glaciation during the Pleistocene epoch, scoured 
most unconsolidated soil materials from the surface 
and redeposited a thin, discontinuous layer of 
glacial till. The low content of silt and clay in 
the local till (13 and 3% respectively) reflect the 
coarse nature of the bedrock. In studies made in the Athol 
quad (Eschmann, 1966) this till was found to cover 
80% of the surface. A dull olive and olive brown 
till is underlain by biotite-rich Hardwick Granite 
and a dark-red, yellow-brown, and brown micaceous 
till is found chiefly in zones underlain by rusty 
biotic Brimfield schist. 
Major waterways drain to the Connecticut River 18 
about 20 miles west, the Millers River being the 
largest, its westward direction caused by a slump in 
the bedrock surface (Eschmann, 1966). 
In a study done of pollen samples collected from 
three bogs in the Athol area an approximate vegetation 
sequence has been established (Davis and Goodlett, 
1960). Following glacial retreat herbaceous 
vegetation dominated, succeeded first by poplar forest 
and then by spruce. A long period of dominance by 
pine forest followed the spruce, and then a succession 
of oak-chestnut dominated, followed in turn by oak- 
pine -hickory . The latest succession studied was one 
of birch, oak, chestnut and hemlock. This succession 
prevailed until pre-colonial times. Present stands 
are of mixed hardwood and conifer, mostly of young 
age, perhaps dating from the devastation that struck 
down many trees in the hurricane of 1939. 
B. Transects 
The survey was conducted in an area covering six 
USGS quad sheets. The sheets were chosen to 
cover the area immediately south of the New Hampshire 
border and the extreme western corner of Worcester 
county. The sheets bordering New Hampshire proceeding 
from west to east are the Royalston, Winchendon, and 
Ashburnham quads. Directly below these and oriented 
in the same west-east direction are the Athol, 
Templeton and Gardner quads. The area is a rectangle 
roughly 14 miles north to south and 19 miles west to 
east. Three transects were laid out in a west-east 
direction, with the intent of getting a cross-section 
of bedrock units and topographic variation. The 
transects traversed the area at north-south intervals 
of roughly 6 miles, and individual sites along the 
transects were located 2 to 3 miles apart. Natural 
features such as rivers and swamps occasionally 
interfered with a systematic spacing of the sites. It 
was also necessary sometimes to deviate from exact 
intervals in order to locate sites in relatively 
undisturbed areas. 
C. Sampling 
One-by-one-by-one meter pits were dug at each 
selected site. Soils were described and sampled 
according to the SCS Soil Survey Manual (1951). Soil 
descriptions include information about pebble-sized 
rock fragments. Quantities of larger stones and 
boulders were too varied and numerous at and below 
the surface to describe reliably at all sites. Thin 
section samples were taken at several sites as noted 
in the descriptions. 
In the laboratory, soils were air dried and 
sieved to remove coarse fragments (>2mm) before 
standard soil characterization. 
D. Laboratory Analyses 
Analyses were performed in most cases on the 
uppermost B horizon, the lower B, and the upper 
C horizon. Laboratory characterization was focussed 
on those horizons which best illustrate the 
possible transportation of Fe and Al. 
1. Particle Size Analysis 
This was performed by the pipette method (USDA, 
1972) without pretreatment for removal of organic 
matter because a trial run showed that pyrophosphate 
was adequate as a dispersant even though organic 
matter was not removed. The trial run included 
particle size analysis with six different methods on 
the same soil sample. Calgon, citrate-dithionite, and 
sodium-pyrophosphate were used as dispersants. 
Hydrogen-peroxide with heating was used to remove 
organic matter from one set of the samples, while the 
other set used soil material without organic matter 
removal. 
Extractions of Fe and Al were done on whole soil 
samples which had been ground to approximately silt 
size in a Specs grinder. Procedures for sodium- 
pyrophosphate, citrate-dithionite, and ammonium- 
oxalate followed Soil Survey Investigations Report 
No. 1 (USDA.1984) with some modifications as noted. 
2. Sodium-pyrophosphate Procedure 
Two grams of soil were shaken overnight in 180 mL 
of 0.1 M Na^^Oy. About 40 mL was transferred to a 
high speed centrifuge tube and spun at 10 krm for 20 
minutes. Care was taken to decant only clear 
solutions. Aluminum and Fe was determined by atomic 
absorption spectrophotometry with a nitrous-oxide 
flame (Holmgren and Kimble, 1984). 
3. Dithionite-citrate Procedure 
Two grams of soil in a 250 ml erlenmeyer flask to 
which two grams of sodium-dithionite and 20 g sodium- 
citrate were added. Volume was adjusted to 125 ml 
with distilled water and shaken overnight in a 
reciprocating shaker. The volume was adjusted to 250 
ml. An aliquot of 40 ml was transferred to a high 
speed centrifuge tube and spun at 10 krm for 20 
minutes. Aluminum and Fe were determined by atomic 
absorption spectrophotometry with a nitrous-oxide 
flame. 
4. Ammonium-oxalate Procedure 
One-half gram of soil was shaken for 4 hours 
in the dark with 50 mL of 0.2 M ammonium-oxalate 
adjusted to pH 3.0. Forty milliliters were 
transferred to a high speed centrifuge tube and spun 
at 10 krm for 20 minutes (McKeague and Day, 1969). A 
10 ml aliquot was taken to virtual dryness after which 
the volume was brought to 10 ml with concentrated HCL 
to reduce clogging in the spectrophotometer. Iron and 
A1 were determined by atomic absorption 
spectrophotometry with a nitrous-oxide flame. 
5. Field-test Extraction 
The field test extraction of Al by potassium- 
hydroxide was performed in the laboratory. 
The potassium-hydroxide extraction procedure 
(Holmgren and Kimble, 1984) was accomplished as 
follows: two-tenths of a gram of <2mm, air-dried 
soil was placed in an erlenmeyer flask. 
Approximately 20 drops of 4 M KOH (2 ml) were added and 
the suspension was gently swirled for about 20 
minutes. Twenty milliliters of water and 3 drops of 
phenopthalein were added. Hydrochloric acid (4 M) 
was added until the color turned from pink to clear. 
One drop of 4 M KOH was added bringing back the pink 
color. More 0.1 M HC1 was added until the last trace 
of pink just disappeared. Twenty drops (2 droppers 
full) of 4 M KF were added causing the color again to 
turn pink. Hydrochloric acid (0.1 M) was added and 
drops were counted until the pink color again 
disappeared and remained clear for 30 seconds. The 
number of drops was converted to aluminum (g kg’^) by 
the following formula 
Al(%) = (drops/n) x (9 x M/10 x W) 
= drops x 0.04 (approx) 
A1 (g kg"1) - Al(%) x 10 
where M = molarity of HC1, n = drops per mL delivered by 
dropper (calibrated), W = weight of soil and 9 = 
equivalent weight of Al. 
6, Humic Acid Color Test 
This was measured as the color difference before 
and after flocculation of humic acids from a pH 10 2- 
amino/2-methyl propanal buffer solution with HC1 and 
superfloe (Holmgren and Holzey, 1984). 
7. Cation Exchange Capacity 
This was estimated by the sum of major acidic 
cations. It was assumed that in these strongly acidic 
soils presence of basic cations was neglible. Acidic 
cations were extracted with BaC^- triethanolamine 
(TEA) adjusted to pH 8 (Peech, Cowan, and Baker, 
1962) . Extractable acidity was determined by back 
titration of base (TEA) not neutralized by the soil 
acidity. 
8. Organic Carbon 
This was determined by a wet oxidation procedure 
modified from Mebius (1960) in which Cr^+ (as l^C^Oy) 
acts as the oxidant in the presence of ^SO^ and 
externally supplied heat. Organic carbon is 
determined by back titration of unreduced Cr^+ with 
Fe2+ (as FeS04) . 
SL Soil pH 
This was determined in a 1:1 water-to-soil ratio. 
CHAPTER V 
RESULTS AND DISCUSSION 
A considerable body of data was generated during 
the course of this study. The raw information has 
been organized in several appendices. Appendix A 
presents the profile descriptions for each of the 
study sites. Appendix B provides the standard 
laboratory soil characterization data for each site 
including the calculated spodic criteria ratios. 
A. Morphological and Environmental Observations 
The intergrade character of the soils in this 
study is enhanced by the environmental conditions of 
the northwest Worcester county area. The change from 
mesic to frigid temperature regime, the presence of 
hardwood as well as conifer forest, coarse granites 
mixed with finer grained schists, all probably 
contribute to the observed diversity in soil 
character. 
Given the high annual rainfall, the coarse-loamy 
textures few of which are finer than fine sandy loam 
(Soil Survey Staff, 1978), translocation and 
accumulation of iron and aluminum could be 
25 
26 commonplace. It is difficult, however, to distinguish 
between intergrades of Inceptisols and Spodosols. 
While morphological characteristics should be 
sufficient, the chemical criteria were formulated 
based on studies of similar intergrades (Smith, 1986). 
It often is not desirable to compare morphological 
data, generally qualitative by nature, with laboratory 
data upon which statistical analyses usually are 
based, because the method and scale of measurements 
are entirely different. However, a few general 
comparisons were included in the following discussion 
and subsequent interpretation of the data perhaps 
indicates links between field and laboratory 
methods. 
Some parameters are difficult to measure either by 
qualitative or quantitative means. One such 
parameter, is the chronological sequence and duration 
of soil formation. The effect of time must also be 
viewed in relation to the particular stage of soil 
development. This lack of unity or relevance exists with other 
factors, such as biological activity, origin of soil 
materials, and the periodic changes of these and 
other influences on soils development. An idea that 
these factors are constant is implied by sampling and 
analytical methods. However, common sense, tells us 
otherwise. At best the quantitative measurements we 
can make on a soil are representative of the spot 
sample only, and must be interpreted carefully using 
all available information, particularly morphological 
characteristics and other field observations. 
All of the 31 pedons studied have B horizons with 
colors generally in the 10YR 5/6 to 5/8 range 
representing braunification, whereas others have 
colors in the 5YR to 7.5YR range, indicative of 
podzolization (Buol et al., 1980). 
The morphology (see Appendix A for complete 
descriptions) indicated that a majority of the sites 
showed potential for being Spodosols. Nineteen of the 
thirty-one pedons had colors of 7.5 YR in one or more 
horizon (see figure), and eleven had a trace or a 
discontinuous E horizon. Mineral grains in most 
surface horizons showed some stripping or removal of 
organic material and other coatings that generally 
provide color to the surface horizons. All of the 
soils with E horizons had an underlying horizon of 
7.5YR or redder. 
All of the sites showed evidence of previous 
agricultural or forest management. These activities 
have resulted in disturbed horizonation in most of the 
pedons. It can be assumed that all of the well- 
drained soils were farmed regardless of topography. 
The many stone fences on the landscape substantiate 
that fact. It is likely that the upper horizons have 
been mixed by plowing and tree removal. It is also 
probable that whatever the soil processes at work 
before agricultural activities peaked in the 1800's, 
these have resumed because farming has become less 
common. This could account for the prevalance of A 
rather than E horizons (Site Nos. 3, 8, 17, 19, 25, 
27) and the thin, intermittent E horizons (Site Nos. 
2, 6, 13, 19) in several profiles which had 
substantial iron and aluminum accumulation. 
The vegetation probably has undergone considerable 
fluctuations as well. The relatively young age of 
most trees is due to combination of these events. 
Catastrophic weather events such as the great 
hurricane in 1938 may have added to the disturbance of 
the soil environment through tree throw and 
destruction of existing forests. 
One site, No. 14, showed more distinct 
characteristic differences between the various 
horizons. This site had sustained more than 100 
years of uninterrupted soils development based on 
landowner records. By contrast Site No. 29 met some 
laboratory criteria but not others and had some 
morphological expression (it could not meet the ratio 
Fe+Alp/Fe+Al^ either as the more stringent 
requirement of Taxonomy> 0.5 or as the reduced 
requirement of the newly proposed criteria of ICOMOD 
29 >0.3). Such intergrade character may be due to 
intensive cultivation in the past. This particular 
soil, which has a very deep A horizon, may have had 
more distinct spodic properties before such 
cultivation took place. 
In Massachusetts, the 300 m elevation contour 
is used as a separation between Spodosols and 
Inceptisols for soil survey activities. The rationale 
for this arbitrary line is that soil climate is the 
dominant factor in Spodosol formation. The 300 m line 
is also used to separate mesic from frigid temperature 
regimes. Twenty-two of the sampled pedons were above 
300 m. Twelve of these qualified as Spodosols using 
criteria according to Soil Taxonomy (Soil Survey 
Staff, 1975), and eighteen pedons qualified using 
criteria by ICOMOD standards. The general perception 
in the field was that Spodosols occurred sporadically 
at all elevations but were more predictable at higher 
elevations and in the northern regions of the 
northwest section of Worcester county. 
B. Extraction Results and Statistical Analyses 
Table 1 is a tabulation of extraction results and 
statistical analyses. Fe and Al amounts as extracted 
by the three methods compared well with results of 
similar extractions by McKeague et al.(1971). The 
30 
TABLE 1. RESULTS OF STATISTICAL ANALYSES 
Central Tendency Regression 
Property Range Mean SD PE X Y r P 
Clay 2.4-13.4 7.9 2.7 1.8 
CEC 11.5-50.3 26.3 10.0 6.7 
OC 1.0- 5.4 2.3 1.0 0.7 
CEC 11.5-50.3 26.3 10.0 6.7 OC CEC 0.8 0.1 
F6P 
• 
l • 
O
 
V
 0.5 0.5 0.3 
AIP 
0.2- 1.5 0.7 0.3 0.2 
Fep MP 
0.8 0.01 
Feo 0.1- 2.2 0.8 0.4 0.3 
Alo 
0.2- 2.7 1.3 0.5 0.3 Alo Feo 
0.6 0.01 
Fed 
0.5- 3.1 1.4 0.7 0.5 
Ald 
0.2- 3.1 1.0 0.5 0.4 Fed Ald 0.5 0.01 
A ^KOH 0.5- 2.1 1.1 0.4 0.3 
Alo 
0.2- 2.7 1.3 0.5 0.3 AlK0H Alo 
0.7 0.01 
F6P Feo 
0.8 0.01 
Fed Feo5 
0.7 0.01 
Fed F6P 
0.7 0.01 
AIP Alo 
0.6 0.01 
Ald Alo 
0.6 0.01 
Ald AIP 
0.6 0.01 
Fe +AI /Xc 
P P fy'1/ 
FvAld 
0.6 0.01 
extractions with sodium- ditionite, pyrophosphate and 
oxalate indicated the following trends: 
1. Extraction Results 
The Na-pyrophosphate extraction resulted in a 
range of <0.1% to 1.4% Fe with an arithmetic mean of 
0.5% Fe and a standard deviation of 0.5 about the 
mean (probable error 0.3). Sodium-pyrophosphate 
extracted aluminum had a range of 0.2 to 1.5% Al with 
an arithmetic mean of 0.7 and a standard deviation of 
0.3 about the mean (probable error 0.2). The 
NH^-oxalate extraction resulted in a range of 
0.1 to 2.2% Fe with an arithmetic mean of 0.8 and a 
standard deviation of 0.4 about the mean (probable 
error 0.3). Ammonium-oxalate extracted Al in 
the range of 0.2 to 2.7% Al with an arithmetic mean 
of 1.28 and a standard deviation of 0.5 about the 
mean (probable error 0.3). The dithionite-citrate 
extraction produced the largest range of the three 
extractions, 0.5 to 3.1% Fe with an arithmetic mean 
of 1.4, standard deviation of 0.7 (probable error 
0.5), and 0.2 to 3.1% Al with an arithmetic mean of 
1.0 and standard deviation 0.5 (probable error 0.4). 
Regression analyses were performed comparing the 
results of the extraction tests. Values compared were 
from the uppermost B horizon. With few exceptions, 
values for Fe decreased in the lower horizons for all 
three extractions. Aluminum often peaked in the 32 
lower B horizon. Aluminum by the KOH field test kit 
also showed this trend. 
Following is a comparison of Fe and A1 extracted 
by (1) Na-pyrophosphate (Fep and Alp, respectively), 
(2) NH^ oxalate (FeQ and A1Q, respectively), and (3) 
dithionite-citrate (Fe^ and Al^, respectively): 
The Na-pyrophosphate extraction, Fep and Alp were 
in close agreement at most sites (see Figure 1). 
Aluminum usually was greater than Fep, but in several 
cases (Sites Nos. 2, 12, 20, 22, 26 and 27), this 
trend was reversed. All of these, except Site No. 20, 
fulfilled the spodic horizon criteria by Soil Taxonomy 
(Soil Survey Staff, 1975) and all, except Site Nos. 20 
and 27 had an E horizon. Site Nos. 10 and 14 had very 
high amounts of Alp. A correlation coefficient of 
r=0.8 (p=0.01) indicated a strong correlation between 
Fep and Alp. 
In the oxalate extraction, FeQ and A1Q exhibited 
the same general trend with A1 exceeding Fe in all but 
one case (Site No. 26). Highest values of A1Q and FeQ 
were found at Site No. 10. Low values of FeQ occurred 
at Site Nos. 17 and 19, neither of which satisfied 
Soil Taxonomy criteria (Soil Survey Staff, 1975). A 
correlation coefficient of r=0.6 (p=0.01) indicated a 
significant correlation between FeQ and AlQ. 
33 
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34 The dithionite extraction Fe^ and Al^ 
followed the same general trend with Fe^ higher in 
all but a few cases. Site No. 22 is a notable 
exception, with a reading of 3.1% Al^. Site Nos. 2, 
19, and 20 had Fe^ values which exceeded Alp by 
substantial amounts. Peak values of both Fe^ or Al^ 
occurred at Site Nos. 2, 10, 14, 19, and 22, all of 
which satisfied Soil Taxonomy criteria (Soil Survey Staff, 
1975) and had strongly expressed morphological 
characteristics. A correlation coefficient of r=0.5 
(p=0.01) indicated a significant correlation between Fe^ 
and Alj. 
Site Nos. 2, 10, 14, and 22 had the greatest 
amounts of Fe or Al extracted by any of the three 
methods. These four sites satisfied the more 
stringent criteria set by Soil Taxonomy (Soil Survey 
Staff, 1975) and had strong morphological 
characteristics. Of these sites, none passed the 
humic-fulvic color test criterion. 
Iron and Al as extracted by the three methods 
compared well with similar extractions results by 
McKeague et al.(1971). 
Comparison of the effectiveness of different 
extractants is complex because the extractants remove 
different forms of Fe and Al. This ambiguity detracts 
from confidence in the spodic criteria which are based 
on quantitative analyses. Previous research has shown 
that the three extraction procedures Na-pyrophosphate, 
NH^-oxalate, and dithionite-citrate are specific to 
(1) organically bound Fe (Fep), (2) organically bound 
plus inorganically bound amorphous Fe (FeQ), and (3) 
organically bound, inorganic amorphous, and 
crystalline Fe (Fe^), respectively. Such specificity 
should apply to A1 in the same scheme (Blume and 
Schwertmann, 1969; McKeague et al., 1971). These 
results were confirmed in this study by the 
progressive increase in the extraction amounts from 
(1) pyrophospate sesquioxides, (2) oxalate 
sesquioxides, and (3) dithionite sesquioxides. 
A comparison using regression analysis was made 
to evaluate this relationship between the different 
extraction techniques. There was a fairly close 
agreement between Fep to FeQ data at most sites. Iron 
by oxalate was somewhat higher at all except Site No. 
22 where Fep matched FeQ, and in Site No. 27 where Fep 
exceeded FeQ. Readings for FeQ were substantially 
higher than for Fep in Site Nos. 10 and 26. High 
readings for both extraction methods were site #'s 2, 
10, 12, 22, 26, with 10 and 26 the peak readings for 
FeQ. The correlation coefficient was r=0.8 (p=0.01). 
Comparison of FeQ to Fe^ showed fairly close 
agreement between readings at most sites, the Fe^ 
reading was higher than FeQ at all sites except at 
Site No. 30. Iron by dithionite-citrate results 
peaked at Site Nos. 2, 10, and 19 with Fed 
substantially higher than FeQ for Site Nos. 2 and 19 
(which were spodic by Soil Taxonomy criteria). While 
Site No. 2 satisfied Soil Taxonomy criteria, Site No. 
19 did not pass the Fe+Alp/Fe+Ald>or=.5, and Site No. 
20 failed to meet all Soil Taxonomy criteria except 
that for the accumulation index. The correlation 
coefficient was r=0.7 (p=0.01). 
Readings for Fed were substantially higher in most 
cases when Fed was compared to Fep. The highest 
values occurred for site Nos. 2, 10, and 20 in both 
Fed and Fep. The correlation coefficient was r=0.7 
(p=0.01). 
Oxalate aluminum exceeded Alp readings in most 
cases. Exceptions were site Nos. 1 and 25, where Alp 
was greater than AlQ, and Site No. 13 where they were 
equal. In site Nos. 10, 17, and 30, A1Q exceeded Alp 
by a substantial amount. The correlation coefficient 
of A1q to Alp was r=0.6 (p=0.01). 
Comparison of AlQ to Ald values indicated that A1Q 
data were generally higher; with Ald exceeding A1Q 
only in Site Nos. 22 and 25, and matching each other 
in site No. 2. Site Nos. 17 and 19, A1Q had values 
substantially higher than Al^. Peak values of A1Q and 
37 Ald were found at Site No. 10. The correlation 
coefficient was r=0.6 (p=0.01). 
Dithionite extractable aluminum (Al^) values 
exceeded Alp by a small amount in almost all cases. 
In Site Nos. 12 and 13, Alp was greater, and Al^ 
coincided with Alp at Site Nos. 1, 27, 30, and 32. At 
Site No. 22 Al^ exceeded Alp by a substantial amount. 
Other peak values of Alp and Al^ were found at site 
Nos. 10 and 14. The correlation coefficient was r=.6 
(p=0.01). 
Iron showed a general trend of dithionite> 
oxalate>pyrophosphate; Al distribution generally was 
oxalate>dithionite>pyrophosphate. A high correlation 
between the different extractions in both Fe and Al 
indicated that these trends were consistent. 
The AIj^qjj aluminum extraction, known as the Spodic 
Field Test (SFT), is used in the ICOMOD procedure to 
assess spodic character. Potassium-hydroxide 
extractable Al and AIq^ are currently of special 
interest because they are presumed to reflect 
inorganic aluminum which may be indicative of the 
presence of allophane and imogolite (Farmer, 1980). 
The entire procedure takes about 10 minutes. The 
necessity of erlenmeyer flasks and acid bottles 
however could be cumbersome in a soil surveyor's kit. 
It is therefore more likely that "field test" means a 
test which can be conducted in the office or other 38 
facility rather than in a chemical laboratory. 
Values for the SFT ranged from 0.5 to 2.1% A1 with an 
arithmetic mean of 1.1% and a standard deviation about 
the mean of 0.4 (probable error 0.3). Potassium 
hydroxide extractable aluminum compared fairly well, 
as previously had been documented by Holmgren and 
Kimble (1984). Twenty-nine of the pedons in this 
study had at least one horizon which satisfied the 
ICOMOD criteria. Due to an oversight, samples for 
Site No. 17 were not tested for in Al^.^ but since the 
A1q was substantial, and because this pedon also 
qualified as spodic according to Soil Taxonomy (Soil 
Survey Staff, 1975), it is assumed to meet this 
criterion as well. 
The SFT results were compared to extraction of A1 
by NH^-oxalate. Although the KOH extraction is a 
field method, it has previously been tested for its 
effectiveness in quantifying aluminum and was designed 
to be used in situations where Al accumulation alone 
is definitive (Schuppli and McKeague, 1984). Amounts 
extracted by KOH were found to be comparable to 
amounts extracted by oxalate (Holmgren and Holzhey, 
1984) . 
In comparing the study results, AI^q^ (SFT) and A1Q 
values were found to be very close in a large number 
of the sites (see Figure 2), Site Nos. 1 through 6 and 
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40 Site No. 25, however, did not exhibit a significant 
relation. This possibly suggests operator error in 
the use of the SFT. As this test is a drop-wise 
titration using a calibrated eyedropper the endpoint 
is easily exceeded. Also, extracted A1 may revert into 
solution given sufficient time. The test was run 
sequentially on the thirty-one soils and the more 
consistent relation of the latter figures may be due 
to the operator becoming better acquainted with the 
test. If a soil surveyor were to use such a test 
frequently the results probably would be more 
consistent. 
It is difficult to compare these results to the 
more precise NH^-oxalate procedure for extracting 
aluminum. Regression analyses of the results 
indicated a relation between AI^q^ and A1Q with r=0.7 
(p=0.01). Regression without the seven erratic cases 
(Site Nos. 1 through 6, and No. 25) resulted in r=0.9 
(p=0.01). In comparison, the seven erratic cases had 
r=0.1 indicating no relation between AI^q^ and AlQ. 
Twenty-six of the 31 study sites had AlKQH 
values equal to or greater than 0.7% which is the 
amount required to meet proposed ICOMOD criteria 
(ICOMOD, 1987). Three of the remaining five sites 
(Nos. 1, 3, and 4) which were among the first six 
tested and may have been erroneous. This is most 
likely at Site Nos. 3 and 4 which qualified by 
Taxonomy and other ICOMOD criteria. Highest readings 41 
were at Site Nos. 10, 14, and 19 for both AlKQH and 
A1q . 
Results of the sum of sequioxides by the three 
extractions are shown in Figure 3. Ammonium-oxalate 
and dithionite-citrate exceeded Na-pyrophosphate in 
all cases except two where pyrophosphate matched the 
lower values of NH^-oxalate. Dithionite-citrate 
values were slightly higher than NH^-oxalate in most 
sites. At site No. 22 dithionite was substantially 
higher than oxalate. Relationships among the three 
extractions were significant (p=0.01) as shown by 
correlation coefficients of r=0.7 for A1 +Fe„/Al +Fe^, 
p p' o o’ 
r=0.7 for Al0+Fe0/Al(j+Fe(j, and r=0.8 for 
Al^+Fe^/Alp+Fep. This relationship is shown in Figure 
3. High values of the sum of sesquioxides were at 
Site Nos. 2, 10, and 22. Lowest values were at Site 
No. 32. 
2. Ratio Comparisons and Criteria Met 
Table No. 1 (pocket) was prepared to organize the 
results of applying the spodic criteria of Taxonomy 
and the proposed criteria of ICOMOD to lab analysis 
data on the soils in this study. 
As both Soil Taxonomy (Soil Survey, 1975) and 
ICOMOD (ICOMOD, 1987) rely heavily on ratios of 
extracted components, a comparison was made between 
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the ratios used. The Taxonomy criteria (Soil Survey 
Staff, 1975) require a ratio of (Fe+Alp)/(Fe+Ald) >0.5 
and the ICOMOD criteria require a ratio of 0.3. 
Soil Taxonomy has a ratio of Fe+Alp/clay of 0.2, and 
the ICOMOD criteria require only 0.1. The 
relationship between Fep+Alp/Fep+Al^ and Fe+Alp/clay 
is not easily analyzed. The Fep+Alp/clay ratios were 
either 0.1, 0.2, or 0.3 with the only exceptions at 
Site Nos. 10 and 22. The Fep+Alp/Fe^+Al^ ratio showed 
a wider range. Sites where measured values did not 
indicate presence of a spodic horizon according to 
Taxonomy criteria were Site Nos. 8, 9, 17, 19, 20, and 
28. The Alp+Fep/Al^+Fe^ ratios could be high or low 
without necessarily indicating the amounts of 
sequioxides present. A low amount of both 
pyrophosphate and dithionite extracted iron and 
aluminum would still produce a high ratio as was 
the case in Site No. 28 for example (0.9/1.4=0.6). A 
correlation coefficient of r=0.6 indicated a strong 
correlation (p=0.01). 
Table No. 3 shows how the various criteria agreed 
in evaluation of spodic properties. 
3. Other Correlations 
The previous comparisons were based on extractions 
of sesquioxides and clay. Other soil properties also 
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Taxorary 
TABLE NO. 3. PERCENT AGREEMENT OF DIAGNOSTIC SPCDIC PROPERTIES 
USING SOIL TAXENCMY, ICCKD AM) SELECTED FIELD 
CRITERIA 
. ^ 
si/ *V 'V N 
& $r* \^ ft & 
<5 * , ^ ^ fb ^ / / / 
f | ^ a? ^ ^ a"° f / <o 
s°° <? v* ^ ^ ^ </V° * & 
55 81 56 50 45 81 87 94 58 45 58 71 45 45 
ICCMCD 45 40 90 84 70 65 65 94 87 65 65 84 87 
E Horizon 65 43 42 74 71 77 48 35 58 71 19 35 
H-F Color 27 23 52 55 55 39 26 42 55 23 26 
Al >.7 90 67 60 55 80 93 73 67 97 97 
Al >.7 58 48 58 84 97 68 55 94 97 0 
7.5YR or redder 77 90 68 61 65 77 65 61 
Fe +Al /Fe ,+Al >.5 81 65 52 61 81 55 52 
Fe +AI A clay>.2 65 52 55 74 55 52 
P P 
Fe +AI /Fe ,+Al >.3 87 65 58 84 87 
Fe +Al_A clay>.1 71 58 97 100 
P P 
Elevatiorv>300 m 68 74 71 
CEC>25 onol/kg_’_61 58 
Accun. Index£65_97 
CX>.5_ 
may indicate spodic character. For instance, a high 
cation exchange capacity may result from sesquioxide 
deposition, increased clay content, or from increased 
organic carbon content. 
Comparisons were made between the following 
parameters: clay, Fep, organic carbon, and cation 
exchange capacity. Regression analyses (p=0.01) 
resulted in correlation coefficients of 0.1, 0.4, 0.8 
respectively, indicating that the only significant 
relation was between cation exchange and organic 
carbon. 
Extracted iron and aluminum with depth are 
presented for two representative profiles in figures 4 
and 5. Figure No.4 shows extracted Fe and A1 values 
for Site No. 10, which meets both the Soil Taxonomy 
(1965) and ICOMOD (1987) criteria. The upper B horizon 
shows a strong accumulation of both metals. Typically, 
iron drops off rather sharply at about 30 cm or above. 
This trend is less pronounced for aluminum in the 
diagrams. Aluminum tends to accumulate more in the 
lower horizons than Fe and its decrease throughout the 
profile is more gradual. 
Site No. 15 which passed only the KOH field 
test and is not considered spodic shows very little 
change in extractable Fe and A1 in the upper and lower 
horizons (Figure No.5). 
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Figures 4 and 5 indicate the presence of trends. 
General conclusions are: (1) the dithionite-citrate 
method extracts more Fe than Al, (2) NH^-oxalate 
extracts more Al than Fe, and (3) Na-pyrophosphate 
extracts the least amount of both aluminum and iron 
compared to the other extraction procedures. Due to 
differences in depth the profiles shown do not depict 
total amounts accumulated. Variability in other 
factors such as drainage and textural change influence 
sesquioxide accumulation and spodic horizon formation. 
Also, the gradual change shown in Fig. 3 represents 
thicker horizons not as distinct as thin horizons with 
more concentrated deposits. 
The amount of pyrophosphate extractable Fe and Al 
is normalized in regard to clay content in the 
Taxonomy criteria (Soil Survey Staff, 1975) because 
it is thought that Na-pyrophosphate may extract iron 
and aluminum from clay minerals. Clay contents in the 
soils studied were generally below 10% and decreased 
with depth. Some profiles showed an increase in clay 
content with depth. For example, the BC horizon of 
Site No. 22 showed an increase not noted in the field. 
Profile 32 also exhibited a slight rise. In some 
cases calculation of the Al^Q^,B-horizon/Al^Q^,A- 
horizon is required in the SFT procedure. That 
particular criterion is aimed at separating Spodosols 
from Andepts which do not occur in Massachusetts and 
surface horizons, therefore, were not analyzed. 
Cation exchange capacity values were above 10 
cmol/kg in most horizons, often up to 30 cmol/kg in 
the upper B, and one pedon, Site No. 32, had a CEC of 
50 cmol/kg. 
Soil characterization results were used to 
calculate the Alp+Fep/Al^+Fe^ and Alp+Fep ratios and 
the accumulation index (Soil Survey Staff, 1975). 
Whereas the accumulation index is not discriminating 
enough to serve as an indicator of spodic 
characteristics, the ratios have been included in both 
the Soil Taxonomy and ICOMOD criteria. Sixteen of the 
thirty-one pedons passed the Fep+Alp/Fe^+Al^ ratio, 
and sixteen passed the Fep+Alp/clay ratio. Site No. 
30 was evaluated using the Alp+Cp/clay because Fep 
<0.1 %. All sites except Site No. 7 met the 
accumulation index criterion. The Soil Taxonomy 
criteria identified a total of 13 pedons as spodic, 6 
of the remaining pedons met at least one of the 
criteria, while 12 pedons passed none. 
Only eight of the thirty-one pedons qualified 
as spodic on the basis of the humic color in the SFT 
procedure (Holmgren and Yeck, 1984). Of these eight, 
five were spodic by Soil Taxonomy criteria (Soil 
Survey Staff, 1975). The humic color test results 
were difficult to evaluate and seemed subject to 
reader error and the influence of ambient light 
conditions. Also this test is designed to identify 
spodic horizons in soils low in A1 and high in organic 
(Holmgren and Holzhey, 1984). None of the soils in 
this study had high organic matter contents. 
Other criteria to separate spodic from non-spodic 
horizons have been suggested in a more recent letter 
from the ICOMOD committee (ICOMOD, 1988). One of the 
criteria is an organic carbon content >.5, which all 
pedons in this study would satisfy. Cation exchange 
capacity also has been observed to indicate spodic 
development. Using a somewhat arbitrary CEC level of 
>25 cmol/kg to indicate a spodic B horizon, eighteen 
of the pedons exhibited spodic development. 
Although not formally defined in Soil Taxonomy 
(Soil Survey, 1975), the 300 m (1000 ft) elevation 
contour is used in Massachusetts as a field criterion 
to separate Spodosols and Inceptisols. The rationale 
for this arbitrary line is based on the fact that 
temperature is one of the dominant factors in Spodosol 
formation. 
The 300 m (1000 ft) line is also used to separate 
mesic from frigid temperature regimes. Twenty-two 
pedons were located above an elevation of 300 m (1000 
ft). Twelve of these qualified as spodic according to 
Soil Taxonomy (Soil Survey Staff, 1975), and eighteen 
according to ICOMOD standards. The general perception 
in the field was that Spodosols occurred sporadically 
at all elevations but were more predictable at higher 
elevations and in the northern regions of the 
northwest section of Worcester county. 
CHAPTER VI 
SUMMARY 
Thirteen pedons satisfied Soil Taxonomy's 
requirements for the spodic horizon. Those were Sites 
Nos. 2, 3, 4, 6, 10, 12, 13, 14, 22, 24, 25, 26, and 
27. All of these had a color of 7.5YR or redder in 
one or more horizon, and nine had E horizons. 
Twenty-six pedons satisfied ICOMOD requirements 
for a spodic horizon. The five that did not were Site 
Nos. 5, 15, 23, 29, and 30. Of the 26 pedons 
qualifying, 18 had colors of 7.5YR or redder in one or 
more horizon, and 11 had E horizons. 
Of all the study sites, 11 (35%) of the sites 
had E horizons and 19 or (61%) had color 7.5YR or 
redder. 
Site No. 29 seemed to have adequate spodic 
properties indicated by CEC, OC, AIq^, and A1^qH and 
the modified Fep+Alp/%clay ratio (>.l). It also had a 
B horizon with a color of 7.5YR. 
Some of the criteria seemed of limited use. The 
depth requirement of >25cm did not seem to be a 
suitable diagnostic criterion. All thirty-one 
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profiles in the study passed the accumulation index 
requirement. Most were considerably higher than the 
minimum requirement (>65). 
The ICOMOD humic-fulvic color test did not 
correlate well with other criteria. Eight of the 31 
pedons satisfied the humic-fulvic test. Four of these 
qualified by Soil Taxonomy and by ICOMOD requirements. 
Three of them qualified by ICOMOD criteria only. Site 
No. 7 did not qualify by either Soil Taxonomy nor 
ICOMOD and was the one pedon in the study not passing 
the AIj^qjj spodic field test. 
If the sites were arranged according to which 
pedon made the most criteria, including all of those 
listed on Table 1, a more general grouping of sites 
having a greater or lesser degree of spodic expression 
is possible. Best expressed character was found in 
the 9 (29%) sites satisfying all Taxonomy 
requirements, and in addition had E horizons and 
colors of 7.5YR or redder. These also passed the less 
stringent requirements of ICOMOD. The sites were Nos. 
2, 6, 10, 12, 13, 14, 22, 24 and 26. 
A second group of four (13%) sites, Nos. 3, 4, 25, 
and 27, satisfied all Taxonomy requirements and ICOMOD 
requirements but had no E horizons or colors of 7.5YR 
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or redder. 
Six of the sites (19%), including Nos. 8, 9, 16, 
17, 19 and 28, made one of the ratios of Soil Taxonomy 
and also satisfied ICOMOD requirements. Three, Nos. 
8, 17, and 19, failed the ratio Fep+Alp/Fed+Ald >0.5 
and the other three failed to meet Fe+Alp/% clay >0.2. 
A fourth group of two sites (6%), including Nos. 1 
and 32, satisfied ICOMOD criteria and had E horizons 
or colors of 7.5YR or redder. 
Five sites (16%), comprised of Nos. 11, 15, 18, 
20 and 21, met only ICOMOD criteria. 
The sixth group, composed of five sites (16%), 
consisting of Nos. 5, 7, 23, 29 and 30, did not 
satisfy all ICOMOD requirements. Three failed to meet 
the reduced requirement for Fep+Alp/Fe^+Al^, and one, 
Site No. 7, did not pass the AI^q^ requirement. 
Soil Taxonomy criteria and the presence of E 
horizons agreed 81% of the time. Agreement between 
Soil Taxonomy criteria and colors of 7.5YR or redder 
was 81%. Soil Taxonomy criteria and meeting of 
Fep+Alp/%clay and Fep+Alp/Fe^+Al^ ratios agreed 87% 
and 94% of the time respectively. Soil Taxonomy 
criteria and CEC agreed 71% of the time. Between the 
ratios of Fep+Alp/Fe^+Al^ >0.5 and Fep+Alp/% clay >0.2 
there was 81% agreement. Presence of an E horizon and 
colors 7.5YR or redder agreed 74% of the time. Soil 
Taxonomy and ICOMOD criteria agreed in only 55% of all 
cases. 
ICOMOD criteria showed good agreement except for 
the Humic color test. ICOMOD standards other than 
humic color had 70% agreement with color 7.5YR or 
redder. These criteria also agreed with the 
accumulation index requirement of Soil Taxonomy and 
the non-official OC >0.5 87% of the time. Agreement 
between the two reduced ratio criteria in ICOMOD was 
87%. 
The humic color test generally showed poor 
agreement with any other criteria except presence of 
an E horizon which had 65% agreement. ^^kOH ^ad 90% 
agreement with AIq^ and 97% agreement with both CEC 
and percent OC criteria. a1kOH also had 90% agreement 
with the other ICOMOD criteria. 
Colors of 7.5YR or redder were highly correlated 
with the ratio Fep+Alp/% clay >0.2, and generally 
agreed more with the stringent criteria of Soil 
Taxonomy than with the relaxed requirements of ICOMOD. 
Comparing the Soil Taxonomy criteria to the ICOMOD 
criteria, Fep+Alp/Fe^+Al^ >0.5 to Fep+Alp/Fe^+Al^ >0.3 
showed 65% agreement. The ratios Fep+Alp/% clay >0.2 
and Fep+Alp/% clay >0.1 agreed 52% of the time. 
Elevations greater than 300 m (1000 ft) had 58% 
agreement with the Soil Taxonomy criteria. This field 
diagnostic agreed poorly with the other parameters, 
the best being 74% with the accumulation index 
criterion of Soil Taxonomy. CEC agreed poorly with 
almost all parameters. 
The accumulation index of Soil Taxonomy agreed 97% 
with OC >0.5, 97% with Fep+Alp/% clay >0.1 and 94% and 
97% with A1qx and AlKQH respectively, 84% with ICOMOD 
and with Fep4Alp/ Fe^+Al^ >0.3. 
There is not that much difference in chemical 
properties between soils that passed Soil Taxonomy and 
those that passed ICOMOD criteria. The difference in 
sesquioxide accumulation was generally 10% as 
determined by the ratios using sodium-pyrophosphate 
extractable iron as the means of comparison. The 
group with the lowest accumulations still showed 
substantial sesquioxide accumulation by the aluminum 
criteria using potassium-hydroxide or ammonium-oxalate 
extraction. There was a sizable middle group which 
came close to meeting both Soil Taxonomy and ICOMOD 
standards. As has been brought out in the discussion, 
Fe and Al fluctuate in a close relation and could 
possibly be interchangeably used as indicators of 
spodic character without loss of accuracy. 
Spodic morphology indicates good spodic expression 
in terms of quantitative properties. This fulfills 
statements made by in Soil Taxonomy and by Guy Smith 
in his comments on Taxonomy (1986). Those soils that 
satisfied just ICOMOD criteria had only morphological 
evidence in few cases. This may mean that the ICOMOD 
proposed criteria are more suitable for identifying 
borderline soils. 
Trends toward lowering the ratio of pyrophosphate 
extractable Fe and Al to clay are probably valid. But 
the ICOMOD proposed criteria may be too low. 
The following general conclusions may be drawn. 
Occurrence of spodosols in the study area is 
significant at 41% by Soil Taxonomic or dominant at 
83% by ICOMOD criteria. While the new criteria 
proposed by ICOMOD may not differentiate between 
strongly expressed spodosols and intergrades, they do 
include intergrades as are found in this study area. 
Such intergrades have been excluded by Soil Taxonomy. 
However some of the ICOMOD requirements may be too 
low, for example, all of the sites passed the 
Fep+Alp/% clay ratio. 
Twenty-two of the sites were above 300 m (1000 ft) 
elevation and half of those twenty-two satisfied Soil 
Taxonomy criteria. Of the nine sites below 300 m only 
58 two (Site Nos. 10 and 26) satisfied Soil Taxonomy 
criteria. Pedon 10 had some of the most pronounced 
sesquioxide accumulation of all soils in the study. 
Limiting spodosols to areas above 300 m (1000 ft) 
elevation is ineffective. The sporadic spodosol 
occurrence below 300 (1000 ft) should be expressed in 
soil survey legends. 
The Spodic Field Test (SFT) appears a reasonable 
method of quantifying sesquioxides. It had good 
correlation with NH^-oxalate extraction, which itself 
compared well with results of the Na-pyrophosphate 
extraction, the standard method of quantifying 
translocated sesquioxides. Although the SFT appeared 
non-discriminant, as it was passed by all but one of 
the sites in the study, it could be useful if coupled 
with the morphological characteristics of E horizon 
and color of 7.5YR or redder in order to achieve 
better separation of intergrade spodosols. 
APPENDIX A 
SITE DESCRIPTIONS 
Site #1 59 
Location: Old bridge Road, Town of Hubbardston 
Classification: Typic Haplorthod (coarse-loamy, mixed, 
frigid) 
Sampling date: 8/25/86 Lab Nos.: DB86200-86205 
Horizon 
Oi 
Oe 
Oa 
E 
Bsl 
Bs2 
Bs3 
BC 
Cd 
Description 
3-0 cm; broken litter of maple, oak, and 
beech; abrupt smooth boundary. 
0-2 cm; partially decomposed litter of 
maple, oak, and beech; abrupt wavy 
boundary. 
2-6 cm; brownish black (5YR2/2) humified 
litter mixed with increasing amounts of 
loam with depth; moderate coarse granular 
structure; friable; many medium to fine 
and common very fine roots; clear wavy 
boundary. 
6-14 cm; dull reddish brown (5YR4/3) 
loam; granular structure; friable; common 
coarse roots; <5% graded rock fragments; 
clear wavy boundary. 
14-19 cm; orange (7.5YR5/8) loam; massive 
structure; friable; few coarse and fine 
roots; abrupt wavy boundary. 
19-24 cm; yellow orange (10YR5/8) fine 
sandy loam; massive structure; friable; 
common medium and fine roots; gradual wavy 
boundary. 
24-31 cm; brilliant yellow orange (10YR 
6/6) coarse loam; massive structure; 
friable; few coarse, medium, and fine 
roots; gradual wavy boundary. 
31-41 cm; dull yellow orange (10YR5/6) 
sandy loam; massive structure; friable; 
common medium and fine roots; gradual 
wavy boundary. 
41+ cm; olive yellow (2.5YR5/6) sandy 
loam; massive structure; firm; no roots. 
Remarks: Approximate location: Route 68 across from 
High Bridge Road at 42° 30' 39" N; 72° 1' 
25" W (USGS-Templeton quadrangle). 
Elevation: 318 m (1060 ft) 
Slope: 5% Aspect: SE Shape: Convex 
gentle 
Parent material: Glacial till. Local bedrock 
type, granofels and sulfidic schist. 
Native vegetation: Mixed oak, maple, white 
birch and beech. 
Drainage class: Well-drained. 
Notes: 
(1) in places around the pit the E horizon 
was thicker and more distinct, and 
included some 5YR4/1 and 7YR5/2 colors. 
(2) Surface rocks included a black coarse 
grained gneiss while lower in the profile 
red and white granitic rocks occurred which 
had coarse quartz veins. The gneiss 
rocks were flat and foliated whereas 
the granites were rounded to angular. 
Site #2 
Location: Cross Road, Town of Hubbardston 
Classification: Typic Haplorthod (coarse-loamy, mixed, 
frigid) 
Sampling date: 8/26/86 Lab Nos.: DB86206-86210 
Horizon Description 
Oi-Oe 3-0 cm; broken and partially decomposed 
litter of maple, oak, and beech. 
Oa 0-6 cm; black humified litter of past 
vegetation, mixed with increasing 
amounts of loam with depth; massive 
structure; friable; common medium and 
fine roots; abrupt wavy boundary. 
E 6-9 cm; pinkish grey (7.5YR4/2) fine 
sandy loam; massive; friable; few coarse 
medium and fine roots; abrupt wavy 
boundary; <5% small rock fragments; 
abrupt wavy boundary. 
Bsl 9-17 cm; strong brown and red (7.5YR 
4/6) fine sandy loam; massive; friable; 
few very coarse and coarse roots; 
<5% rock fragments; abrupt wavy boundary. 
Bs2 17-27 cm; yellowish brown (10YR5/6) 
sandy loam; massive; friable; few 
coarse and medium roots; <5% rock 
fragments; gradual wavy boundary. 
BC 27-42 cm; yellowish brown (10YR 
5/8) sandy loam; massive; friable; few 
coarse and medium roots; <5% rock 
fragments; gradual wavy boundary. 
CD 42-52 cm; dull yellowish brown (10YR 
5/4) coarse sandy loam; massive; 
friable; no roots; <5% rock fragments. 
Remarks: Approximate location: Site is located on 
Cross Road near the swamp and between 
Templeton and Ragged Hill Roads at 42° 30' 
46" and 71° 57' 48" (USGS-Templeton 
quadrangle). 
Elevation: 347 m (1158 feet) 
Slope: 2% Aspect: SE Shape: Gentle 62 
convex 
Parent material: Glacial till. Local 
bedrock type; sulfidic mica schist. 
Native vegetation: Dominant black and white 
birch and maple with some oak, spruce and fir. 
Drainage class: Well-drained 
Note: 
(1) Large surface rocks of what appear 
to be aluminous mica schist. 
(2) There was a very thin and discontinuous Bh 
horizon below the E. 
Site #3 63 
Location: Williamsville Road, Town of Templeton 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 8/27/86 Lab Nos.: DB86211-86214 
Horizon 
Oi 
Oa 
A 
Bsl 
Bs2 
BC 
Description 
1-0 cm; broken litter of maple and beech. 
0-7 cm; black humified litter in a mat of 
roots of all grades. 
7-10 cm; reddish brown (7.5YR3/4) fine 
sandy loam; massive; friable; many fine 
and very fine roots; <5% rock fragments; 
abrupt wavy boundary. 
10-23 cm; bright brown (7.5YR5/6) fine 
sandy loam; coarse-medium subangular blocky 
structure; friable; few coarse and many 
fine and very fine roots; <5% rock 
fragments; gradual wavy boundary. 
23-34 cm; bright brown (7.5YR4/6) 
sandy loam; coarse to medium subangular 
blocky; friable; few fine-medium roots; 
<5% rock fragments; gradual wavy boundary. 
34-46 cm; yellowish brown (10YR5/6) 
sandy loam; massive; friable; few medium 
roots; 5% rock fragments; gradual wavy 
boundary. 
C 46+ cm; olive brown (2.5Y4/3) sandy 
loam; massive; friable; no roots; 10% 
rock fragments; abrupt smooth boundary. 
Remarks: Approximate location: Site is located 70 m 
E of Williamsville Road, 1 km S of Queenslake 
Road at 42° 30' 46" N; 72° 4' 37" W (USGS 
Templeton quadrangle). 
Elevation: 348 m (1110 feet). 
Slope: 10% Aspect: E Shape: Steep 
convex 
Parent material: Glacial till. Local bedrock 
type is porphyrytic granite; outcrops were 
were observed nearby the site. 
Native vegetation: Maple and beech dominate 
with some oak and white birch. 
Drainage class: Well-drained. 
Site #4 65 
Location: Narrow Lane, Town of Templeton 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, frigid) 
Sampling date: 8/29/86 Lab Nos.: DB86216-86220 
Horizon 
Oi 
Oe 
Oa 
A 
Bwl 
Bw2 
BC 
C 
Description 
4- 0 cm; broken litter of fir, oak, and 
maple; abrupt smooth boundary. 
0-5 cm; partially decomposed litter of 
fir, oak, and maple; abrupt smooth 
boundary. 
5- 7 cm; black humified litter with some 
stripped sand grains; moderate coarse 
granular structure; abrupt smooth 
boundary. 
7-26 cm; dark brown (10YR3/4) fine 
sandy loam; coarse to medium subangular 
blocky; friable; common roots of all 
grades; <5% rock fragments; clear wavy 
boundary. 
26-40 cm; yellow brown (10YR5/6) 
sandy loam; massive; friable; few 
coarse medium and fine roots; <5% 
rock fragments; abrupt wavy boundary. 
40-55 cm; dull brown (10YR3/4) sandy 
loam; coarse to medium subangular blocky 
structure; friable; few medium and fine 
roots; <5% graded rock fragments; abrupt 
wavy boundary. 
55-80 cm; orange-red (7.5YR5/8) 
sand; massive; firm; no roots; <5% 
rock fragments; abrupt wavy boundary. 
80+ cm; light yellow brown (10YR6/6) 
loamy sand; massive; firm; no roots; 
common coarse distinct mottles (7.5YR 
4/6 and 7.5YR5/8); <5% rock fragments. 
Remarks: Approximate location: Site is located 4 m 
NW of Narrow Lane, 1 km from intersection 
with Queens Lake Road at 42° 30' 39" N and 
72° 6' 44" W (USGS Templeton quadrangle). 
Elevation: 312m (1040 feet). 66 
Slope: 3-5% Aspect: NW Shape: Gentle 
concave 
Parent material: Glacial till. Local bedrock 
type, granite intrusion on a tonalite unit. 
Native vegetation: Fir dominates with some 
beech and maple. 
Drainage class: Well-drained 
Notes: The layering of horizons in this 
profile varied at different places around the 
pit. In spots the Bw2 was discontinuous. 
Also the BC was thicker in some places and in 
some places disappeared completely. The C 
horizon was generally firm but in some places 
became soft and friable, the BC remained hard 
with a crisp feeling all the way around the 
pit. 
Site #5 
Location: Turnpike Road, Town of Petersham 
Classification: Typic Dystrocrept (coarse-loamy 
mixed, mesic) 
Sampling date: 9/21/86 Lab. Nos.: DB86221-86224 
Horizon 
Oi 
Oe 
Oa 
A 
Bw 
BC 
C 
Description 
2-0 cm; broken litter of fir needles; 
smooth boundary. 
0-1 cm; partially decomposed litter. 
1-4 cm; black-brown (10YR2/2) 
humified litter with some stripped sand 
grains; coarse granular structure; common 
fine and medium roots; abrupt smooth 
boundary. 
4-17 cm; brown (10YR4/3) fine sandy 
loam; coarse medium and fine subangular 
blocky structure; few coarse and medium 
roots; <5% rock fragments; abrupt wavy 
boundary. 
17-25 cm; yellow-brown (10YR5/6) 
fine sandy loam; massive; friable; few 
coarse roots; <5% rock fragments; 
gradual wavy boundary. 
25-50 cm; bright yellow-brown (10YR 
6/6) sandy loam; massive; friable; few 
coarse roots; <5% rock fragments; abrupt 
smooth boundary. 
50+ cm; olive yellow (2.5Y6/4) sandy 
loam; massive; friable; no roots; <5% 
rock fragments; gradual smooth boundary. 
Remarks: Approximate location: Site is located 30 m 
from intersection of Turnpike Road and Route 
122 at 42° 30' 18" N and 72° 14' 13" W (USGS 
Athol quadrangle). 
Elevation: 222 m (740 ft) 
Slope: 3% Aspect: NE Shape: Gentle 
complex 
Parent material: Glacial till. Local 
bedrock type: layered or massive gneiss. 
Vegetation: Fir dominates with some beech 
and maple. 
68 
Drainage class: Moderately well drained 
Note: 
The A horizon is not a plow layer despite 
the brown color. This is shown by the 
very wavy boundary. 
Site #6 69 
Location: Popple Camp Road, Town of Petersham 
Classification: Aquic Haplorthod (coarse-loamy, mixed, 
frigid) 
Sampling date: 9/21/86 Lab Nos.: DB86225-86228 
Horizon 
Oi 
Oe 
Oa 
Description 
2-0 cm; broken litter of fir, beech and 
maple; abrupt smooth boundary. 
0-2 cm; partially decomposed litter. 
2-4 cm; black humified litter. 
E 4-8 cm; dark reddish brown (5YR3/2); 
fine sandy loam; coarse to medium 
granular; friable; few medium to fine 
roots; extremely wavy abrupt boundary. 
Bsl 8-20 cm; reddish brown (5YR4/6) loam; 
medium subangular blocky; friable; few 
medium to fine roots; <5% rock fragments; 
very wavy abrupt boundary. 
Bs2 20-39 cm; brown (7.5YR4/6) loam; 
massive; friable; few coarse to medium 
roots; <5% rock fragments; gradual wavy 
boundary. 
BC 39+ cm; yellowish brown (10YR5/6) sandy 
loam; massive firm; no roots; common 
coarse mottles (5YR5/6 and 7.5YR4/4); 
<5% rock fragments; gradual wavy boundary. 
Remarks: Approximate location: This site is located 
60 m N on the dirt road which meets Popple 
Camp Road at 42° 30' 51" N and 72° 10' 23" W 
(USGS Athol quadrangle). 
Elevation: 300 m (1000 ft) 
Slope: 10% Aspect: S Shape: Convex 
Parent material: Glacial till. Local 
bedrock type: black and white granite 
intrusion in tonalite metamorphic rock. 
Drainage class: Somewhat poorly drained 
Note: Mottling begins at 25 cm. Extreme 
waving of horizons. In some places the 
BC ascends as high as the upper limit of the 
Bs2 further around the hole. The E horizon 
occurs in tongues and pockets and has 
a peculiar firm feeling. 
Site #7 71 
Location: Harvard Forest, Town of Petersham 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 10/4/86 Lab. Nos.: DB86229-86232 
Horizon 
Oi 
Oe 
Oa 
A 
Bwl 
BC 
C 
Description 
2- 0 cm; broken litter of pine, maple and 
oak; abrupt boundary. 
0-3 cm; partially decomposed litter of 
pine, maple and oak; abrupt smooth 
boundary. 
3- 5 cm; humified black litter some 
stripped sand grains; moderate coarse 
granular structure; common fine roots; 
abrupt smooth boundary. 
5-11 cm; dark yellowish brown (10YR4/4) 
fine sandy loam; medium subangular 
blocky structure; friable; <5% rock 
fragments; gradual wavy boundary. 
11-20 cm; yellowish brown (10YR5/6) 
sandy loam; fine subangular blocky 
structure; friable; <5% rock fragments; 
gradual wavy boundary. 
20-42 cm; brownish yellow (10YR6/6) 
sandy loam; massive; friable; 10-15% 
rock fragments; gradual wavy boundary. 
42+ cm; olive yellow (2.5Y5/6) sandy 
loam; massive; firm; 10-15% rock fragments. 
Remarks: Approximate location: This site is located 
400 m S of Swamp Road at the trail 
intersection at 42° 30' 38" N and 72° 12' 21" 
W (USGS Athol quadrangle). 
Elevation: 249 m (830 ft) 
Slope: 1-3% Aspect: SW Shape: Gentle 
convex 
Parent material: Glacial till. Local bedrock 
type: mica and quartzose schist, and phyllite. 
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Native vegetation: Red pine dominates with 
some oak and maple. 
Drainage class: Moderately well drained. 
Site #8 73 
Location: Old Keene Road, Town of Athol 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 10/18/86 Lab. Nos.: DB86233-86238 
Horizon 
Oi 
Oe 
Oa 
Al 
A2 
Bsl 
Bs2 
BC 
C 
Description 
2-0 cm; broken litter of oak and maple 
leaves. 
0-1 cm; partially decomposed broken 
litter forming a mat with molds and 
fine plant roots. 
1-7 cm; very dark brown (10YR2/2) 
humified litter; coarse to medium 
granular structure; common medium and 
fine roots. 
7-9 cm; dark yellowish brown (10YR3/4) 
fine sandy loam; medium granular 
structure; friable; few fine roots 
friable; <5% rock fragments; clear wavy 
boundary. 
9-13 cm; dark yellowish brown (10YR4/4) 
fine sandy loam; fine granular structure; 
friable; few fine to medium roots; <5% 
rock fragments; clear wavy boundary. 
13-17 cm; bright brown (7.5YR5/8) fine 
sandy loam; medium subangular blocky 
structure; friable; few coarse, medium 
and fine roots; <5% rock fragments; 
clear wavy boundary. 
17-21 cm; yellowish brown (10YR5/8) 
fine sandy loam; medium subangular blocky 
structure; friable; few coarse medium fine 
roots; <5% rock fragments; clear wavy 
boundary. 
21-39 cm; yellowish brown (10YR5/6) 
fine sandy loam; massive; friable; few 
coarse medium and fine roots; <5% rock 
fragments, clear wavy boundary. 
39+ cm; yellowish brown (10YR5/6) sandy 
loam; massive; friable; few fine roots; 
10% coarse to medium rock fragments. 
Remarks: Approximate location: Site is located 
between West Royalston and Old Keene Roads 
at 42° 37' 8" N and 72° 23' 30" W (USGS 
Athol quadrangle). 
Elevation: 195 m (650 ft) 
Slope: 10% Aspect: W Shape: Simple 
rolling 
Parent material: Glacial till. Local bedrock 
type: Monson gneiss. 
Native vegetation: Oak with some birch. 
Drainage class: Well-drained. 
Notes: Pronounced leaching in one or two 
isolated spots of the B horizons forms some 
E material. Could be caused by tree roots. 
Considerable silt in all horizons down to 
the C. Perhaps a silt cap. There were 
several medium size boulders in the upper 
horizons of this pit. • 
Site #9 75 
Location: South Royalston Road, Town of Athol 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 10/18/86 Lab. Nos.: DB86239-86243 
Horizon Description 
Oi 2-0 cm; broken litter of fir needles and 
oak leaves; 
Oal 0-3 cm; brown humified litter with many 
fine roots. 
0a2 3-4 cm; black humified litter with few 
fine roots; granular structure. 
A 4-8 cm; dull yellowish brown (10YR5/3) 
silt loam; medium to fine granular 
structure; few fine to medium roots; 
clear wavy boundary. 
Bwl 8-27 cm; yellowish brown (10YR5/6) 
silt loam; medium subangular blocky; 
friable; few medium and fine roots; <5% 
rock fragments; clear wavy boundary. 
Bw2 27-46 cm; yellowish brown (10YR5/6) 
silt loam; massive; somewhat firm; few 
medium roots; <5% rock fragments; gradual 
wavy boundary. 
BC 46-70 cm; yellowish brown (10YR5/6) loam; 
massive; firm; few coarse and medium roots; 
common fine distinct mottles (10YR6/6 and 
10YR4/4); <5% rock fragments; gradual 
wavy boundary. 
Cd 70+ cm; dull reddish brown (2.5YR4/4) 
fine sandy loam; massive; brittle; few 
coarse distinct mottles (7.5YR 4/4). 
Remarks: Approximate location: This site is located 
on a drumlin above the Millers River at 42° 
37' 8" N and 72° 9' 21" W (USGS Athol 
quadrangle). 
Elevation: 285 m (950 ft) 
Slope: 10% Aspect: W Shape: Convex 
Parent material: Glacial till. Local 
bedrock type: black and white granite 
intrusion on tonalite. 
Native vegetation: Pine dominates, with 
some oak and maple. 
Drainage: Well-drained. 
Note: Possibly a silt cap is present here. 
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Site #10 77 
Location: Route 68, Town of Templeton 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, frigid) 
Sampling date: 10/19/86 Lab. Nos.: DB86244-86248 
Horizon Description 
Oi 1-0 cm; broken litter of fir needles and 
oak leaves. 
Oe 0-1 cm; partially decomposed mat of 
litter and plant roots. 
Oa 1-2 cm; black brown humified litter; 
coarse granular structure. 
E 2-10 cm; dark greyish brown (10YR4/2) 
fine sandy loam; massive; friable; few 
medium and fine roots; gradual wavy boundary 
with some tongueing. 
Bsl 10-20 cm; strong brown (7.5YR4/6) fine 
sandy loam; massive; friable; common 
medium roots; <5% rock fragments; clear 
wavy boundary. 
Bs2 20-29 cm; strong brown (7.5YR5/6) fine 
sandy loam; massive; friable; few medium 
roots; <5% rock framents; clear wavy 
boundary. 
Bs3 29-48 cm; yellowish brown (10YR5/8) 
silt loam; massive; friable; few medium 
roots; <5% rock fragments; clear wavy 
boundary. 
BC 48-62 cm; yellowish brown (10YR5/6) 
fine sandy loam massive; friable; no 
roots; few weak fine mottles (7.5YR4/4); 
<5% rock fragments. 
Remarks: Approximate location: This site is located 
300 m N of Route 68 at 42° 37' 3" N and 
72° 8' 12" W (USGS Athol quadrangle). 
Elevation: 288 m (960 ft) 
Slope: 3% Aspect: SW Shape: Gentle 
convex 
Parent material: Glacial till. Local 
bedrock type: black and white granite 
intrusion on tonalite. 
Native vegetation: Pine and spruce 
dominate with some oak. 
Drainage: Well-drained. 
Note: It was not possible to reach the 
C horizon because of rocks at the bottom 
of the pit. However, mottling in the 
BC could indicate a dense layer close 
to that level. There were medium sized 
boulders at every horizon level of this 
site. 
Site #11 79 
Location: Otter State Forest, Town of Templeton 
Classification: Typic Dystrochrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 10/19/86 Lab Nos.: DB86249-86253 
Horizon Description 
Oi 2-0 cm; broken litter of fir needles. 
Oe 0-3 cm; partially decomposed broken 
litter of fir and fine roots. 
Oa 3-7 cm; brownish black (10YR 3/2) 
humified litter; consistance of peat. 
A 7-21 cm; dark yellowish brown 
(10YR4/4) fine sandy loam; massive; 
friable; common medium to fine roots; 
gradual smooth boundary. 
Bwl 21-30 cm; yellowish brown (10YR5/8) 
fine sandy loam; massive; friable 
common coarse to medium roots; clear 
smooth boundary. 
Bw2 30-44 cm; yellowish brown (10YR5/6) 
fine sandy loam; massive; friable; 
common coarse to medium roots; clear 
smooth boundary. 
Bw3 44-80 cm; olive yellow (2.5Y6/8) 
fine sandy loam; massive; friable; 
few medium roots; clear smooth boundary. 
C 80 cm+; olive yellow (2.5Y6/6) sandy 
loam; massive; friable; 5% rock 
fragments; no roots; gradual smooth 
boundary. 
Remarks: Approximate location: This site is 
located 400 m N of Route 68 on the edge 
of a sand-gravel pit at 42° 37' 11" N 
and 72° 06' 14" W. 
Elevation: 282 m (940 ft) 
Slope: 1-3% Aspect: S Shape: Gentle 
convex 
Parent material: Deep glacial delta sands. 
Native vegetation: Pine. 
Drainage class: Well-drained. 
Notes: 
(1) The upper mineral horizon might be 
an old plow layer which has begun to lose 
the distinct clear boundary and has some 
tongueing of the darker color into the next 
lower horizon. 
(2) There were no stones in this profile 
until about 70 cm deep where some subrounded 
stones were found. 
Site #12 81 
Location: Taft Hill, Town of Royalston 
Classification: Aerie Haplaquod (coarse-loamy, 
mixed, frigid) 
Sampling date: 10/29/86 Lab. Nos.: DB86254-86260 
Horizon Description 
Oi 2-0 cm; broken leaf litter. 
Oe 0-3 cm; 
litter. 
partially decomposed leaf 
Oa 3-7 cm; black humified leaf litter; 
many fine roots in the upper 2 cm; 
increasing amounts of stripped sand 
grains in lower part. 
A 7-12 cm; dark brown (10YR3/4) silt 
loam medium subangular blocky 
structure; friable; common fine and 
medium roots; few coarse distinct 
mottles (7.5YR4/4); clear wavy 
boundary. 
E 12-18 cm; greyish yellow brown 
(10YR5/2) sandy loam; massive; 
friable; few fine roots; common 
coarse distinct mottles (10YR2/2); 
clear wavy boundary. 
Bs 18-22 cm; brown (7.5YR4/6) sandy loam; 
massive; friable; few fine roots; common 
fine distinct mottles (10YR4/4 and 7.5 
YR3/2); gradual wavy boundary. 
BC1 22-42 cm; brown (10YR4/4) sandy loam; 
weak coarse to medium subangular blocky 
structure; friable; common coarse medium 
and fine roots; few coarse distinct 
mottles (10YR3/3) and few medium faint 
mottles (10YR5/6); clear wavy boundary. 
BC2 42-60 cm; dark brown (10YR3/3) sandy 
loam; weak coarse to medium subangular 
blocky structure; friable; few coarse 
distinct mottles (10YR2/2); 5% rock 
fragments; clear wavy boundary. 
CB 60-71 cm; dull yellowish brown 
(10YR5/4) sandy loam; massive; 
friable; 5% cobbles and pebbles; 
clear wavy boundary. 82 
C 
Remarks: 
71+ cm; greyish yellow (2.5Y6/2) sand; 
massive; firm; 10% cobbles & pebbles; 
few coarse distinct mottles (7.5YR4/2). 
Approximate location: This site is located 
1 km N of the Taft Hill Road and Fitzwilliam 
Road intersection at 42° 42' 39" N and 72° 
9' 37" W (USGS Royalston quadrangle). 
Elevation: 336 m (1120 feet) 
Slope: 7% Aspect: N Shape: Gently 
convex, hummocky 
Parent material: Glacial till. Local 
bedrock type: Hardwick tonalite. 
Native vegetation: White pine dominates 
with some maple, oak and beech. 
Drainage class: Somewhat poorly drained. 
Notes: 
(1) Vertical lenses of mottled yellow 
and red brown material, which also vary in 
texture from silt for the red and fine sandy 
loam for the yellow are found in the upper 
horizons. There are layers with coarse fragments 
throughout the profile. 
(2) The Bs and E horizons are discontinuous 
around the pit and occur as pockets. 
Site #13 83 
Location: Loomis Road, Town of Royalston 
Classification: Typic Haplorthod (coarse-loamy 
mixed, frigid) 
Sampling date: 10/30/86 Lab. Nos.: DB86261-86267 
Horizon Description 
Oi 1-0 cm; broken litter. 
Oe 0-2 cm; partially decomposed litter 
with fine roots. 
Oa 2-5 cm; black humified litter; many 
medium and fine roots. 
E 5-8 cm; dark brown (7.5YR3/2) fine 
sandy loam; coarse granular structure; 
friable; common fine roots; clear 
wavy boundary. 
Bh 8-12 cm; brown (7.5YR4/4) fine sandy 
loam; massive; friable; common medium to 
fine roots; clear wavy boundary. 
Bsl 12-24 cm; strong brown (7.5YR5/8) 
sandy loam; weak medium to fine 
subangular blocky structure; friable; 
few medium to fine roots; <5% rock 
fragments; gradual wavy boundary. 
Bs2 24-48 cm; dark brown (7.5YR3/4) sandy 
loam; weak fine subangular blocky 
structure; friable; few fine roots; 
<5% rock fragments; clear wavy boundary. 
BC1 48-55 cm; brownish yellow (10YR6/8) 
sandy loam; weak fine subangular blocky 
structure; few coarse medium and fine 
roots; <5% rock fragments; gradual wavy 
boundary. 
Cl 55-79 cm; light olive brown (2.5Y5/6) 
sandy loam; massive; friable; few 
coarse medium and fine roots; 5% coarse 
rock fragments; clear smooth boundary. 
C2 79+ cm; light yellowish brown (2.5Y6/4) 
sandy loam; massive; firm; 5% 
coarse rock fragments. 
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Remarks: Approximate location: This site is located 
1 km N of Fitzwilliam Road on Loomis Road, 
12 m W of Loomis Road at 42° 42' 39" N 
and 72° 11' 39" W (USGS Royalston 
quadrangle). 
Elevation: 330 m (1100 ft) 
Slope: 15% Aspect: E Shape: Simple 
concave. 
Parent material: Glacial till. Local 
bedrock type: sulfidic mica schist. 
Native vegetation: Oak and beech, some maple. 
Drainage: Well-drained. 
Note: 
The C horizon was deeper on the upslope 
side of the hole. E and Bs horizons were 
discontinuous around the hole. In one spot the 
E was 18 cm thick and beneath that the red 
material was crisp. Spodic material occurred 
as pockets. 
Site #14 85 
Location: Tallow Hill, Town of Winchendon 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 11/5/86 Lab. Nos.: DB86268-86272 
Horizon Description 
Oi 1-0 cm; broken litter. 
Oe 0-1 cm; 
litter. 
partially decomposed broken 
Oa 1-4 cm; black humified litter matted 
with many fine roots. 
E 4-14 cm; brown (7.5YR3/2) sandy loam; 
massive; friable; few coarse, medium 
and fine roots; <5% rock fragments; 
gradual wavy boundary with tongueing. 
Bsl 14-26 cm; yellowish red (5YR4/8) fine 
silt loam; coarse to fine subangular 
blocky structure; friable; few medium 
to fine roots; <5% rock fragments; 
few faint mottles (10YR5/8); gradual 
wavy boundary. 
Bs2 26-38 cm; strong brown (7.5YR5/8) 
sandy loam; weak coarse subangular 
blocky structure; friable; few coarse 
to medium roots; <5% rock fragments; 
clear wavy boundary. 
BC 38-57 cm; yellowish brown (10YR5/8) 
sandy loam massive; friable; few medium 
roots; 5% rock fragments; clear smooth 
boundary. 
C 57+ cm; bright yellowish brown (2.5Y 
6/6) sandy loam; massive; dense; 10% 
coarse rock fragments; gradual smooth 
boundary. 
Remarks: Approximate location: This site is located 
200 m SW of the farm at Bosworth Road at 
42° 42' 33" N and 72° 6' 26" W (USGS 
Winchendon quadrangle). 
Elevation: 318 m (1060 ft) 
Slope: 13% Aspect: S Shape: Convex 
gentle 
Parent material: Glacial till. Local 
bedrock type: aluminous mica schist. 
Native vegetation: Spruce and white pine 
with some oak. 
Drainage class: Well-drained. 
Note: Some cobbles to small boulders 
removed from hole in lower horizons. 
This site appears undisturbed by 
agriculture. 
Sit6 #15 87 
Location: Athol/Royalston Road, Town of Athol 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 11/10/86 Lab. Nos.: DB86273-86276 
Horizon 
Oi 
Oe 
Oa 
Description 
1- 0 cm; broken litter, pine needles. 
0-2 cm; partially decomposed broken 
litter; many fine roots, matted. 
2- 9 cm; humified litter; dark 
brown (7.5YR 3/2). 
Ap 9-20 cm; dark brown (10YR4/3) fine 
sandy loam; coarse to medium 
subangular blocky structure; friable; 
common coarse to medium roots; 
<5% rock fragments; gradual wavy 
boundary. 
Bwl 20-36 cm; yellowish brown (10YR5/6) 
loam; massive; friable; few fine 
roots; 5% rock fragments; gradual 
smooth boundary. 
Bw2 36-75 cm; yellowish brown (10YR5/4) 
loam; massive; friable; few medium 
to fine roots; 5% rock fragments; 
clear wavy boundary. 
C 75+ cm; light olive brown (2.5Y5/6) 
loam; massive; firm; few coarse roots; 
10% rock fragments. 
Remarks: Approximate location: This site is located 
50 m E of Royalston Rd at 42° 37' 6" N and 
72° 12' 15" W. 
Elevation: 309 m (1030 ft) 
Slope: 3% Aspect: NE Shape: Gentle 
convex 
Parent material: Glacial till. Local 
bedrock type is aluminous mica schist. 
Native vegetation: White pine dominates with 
some silver maple. 
Drainage class: Moderately well drained. 
Note: 
There is some tongueing of the A horizon 
into the Bwl to a depth of 10 cm. Aging 
has caused the clear smooth boundary of 
the Ap to deteriorate. 
Site #16 89 
Location: Old Turnpike Road, Town of Royalston 
Classification: Typic Dystrocrept (sandy, mixed, 
mesic) 
Sampling date: 11/10/86 Lab. Nos.: DB86277-86280 
Horizon Description 
Oi 2-0 cm; broken pine needles. 
Oe 0-4 cm; partially decomposed broken 
litter. 
Oa 4-8 cm; humified litter. 
Ap 8-28 cm; dark brown (10YR5/3) 
loamy sand; massive; friable; few 
medium roots; <5% rock fragments; 
gradual smooth boundary. 
Bw 28-47 cm; brown (10YR4/6) sandy loam; 
massive; friable; few coarse to medium 
roots; gradual smooth boundary. 
BC 47-80 cm; yellowish brown (10YR5/6) 
sandy loam; massive; friable; few 
coarse to medium roots; clear wavy 
boundary. 
C 80 cm+; yellowish gray (2.5Y5/4) sandy 
loam; massive; friable; 5% small rock 
fragments; gradual smooth boundary. 
Remarks: Approximate location: This site is 10 m W 
of Old Turnpike Road at 42° 42' 35" N 
and 72° 7' 35" W (USGS Royalston quadrangle). 
Elevation: 291 m (970 ft) 
Slope: 10% Aspect: NE Shape: Simple 
concave 
Parent material: Glacio-fluvial sands. 
Native vegetation: Pine. 
Drainage class: Well-drained. 
Site #17 90 
Location: Bullardville Hill, Town of Winchendon 
Classification: Typic Dystrochrept (coarse-loamy, 
mixed, mesic) 
Sampling date: 11/10/86 Lab. Nos.: DB86282-86286 
Horizon Description 
Oi 2-1 cm; broken leaves and pine 
needles. 
Oe 1-0 cm; partially decomposed leaves 
and pine needles. 
Oa 0-2 cm; humus matted with many medium 
to fine roots. 
A 2-9 cm; dark brown (10YR3/4) fine 
sandy loam; medium subangular blocky 
• structure; friable; few medium to fine 
roots; clear smooth boundary. 
Bsl 9-19 cm; bright brown (7.5YR5/8) 
sandy loam; weak fine subangular blocky 
structure; few medium to fine roots; 
clear smooth boundary. 
Bs2 
BC 
19-28 cm; brown (7.5YR4/6) sandy loam; 
medium weak subangular blocky; few medium 
to fine roots; clear smooth boundary. 
28-39 cm; bright yellowish brown 
(10YR6/8) loamy sand; massive; friable; 
few medium roots; gradual smooth boundary. 
C 39+ cm; bright yellowish brown (2.5Y6/6) 
loamy sand; massive; friable. 
Remarks: Approximate location: This site is located 
10 m W of Harris Road at 42° 42' 30" N and 
72° 5' 4" W (USGS Winchendon quadrangle). 
Elevation: 285 m (950 ft) 
Slope: 3% Aspect: N Shape: Gentle 
Parent material: Glacial till drumlin 
surrounded by an area of glacio-fluvial 
materials. 
Native vegetation: White pine dominates 
with some oak, maple, and birch. 
Drainage class: Well-drained. 
Note: Several large boulders in this hole. 
Site #18 
Location: Morgan Road, Town of Hubbardston 
Classification: Typic Dystrocrept (coarse-loamy over 
sandy, mixed, mesic) 
Sampling date: 12/4/86 Lab. Nos.: DB86287-86290 
Horizon Description 
Oi 7-6 cm; broken pine needles and litter. 
Oe 6-0 cm; partially decomposed pine 
needles and litter. 
Oa 0-6 cm; decomposed litter with some 
mineral grains showing evidence of 
leaching. 
A 6-14 cm; brown (10YR4/4) fine sandy 
loam; weak coarse subangular blocky 
structure; friable; few fine and medium 
fine roots; clear smooth boundary. 
Bw 14-24 cm; yellowish brown (10YR5/6) 
fine sandy loam; weak subangular blocky 
structure; friable; few coarse to 
medium roots; wavy boundary. 
* thin section top at 18 cm. 
BC 24-41 cm; bright yellowish brown 
(10YR6/6) sandy loam; subangular 
blocky structure; friable; 10% rock 
fragments; gradual wavy boundary. 
* thin section top at 15 cm 
C 41+ cm; yellowish gray (2.5Y5/4) 
loamy sand; massive; firm; 20% coarse 
fragments. 
Remarks: Approximate location: This site is located 
50 m SW of Morgan Road at 42° 30' 37" N and 
71° 58' 51" W (USGS-Gardner quadrangle). 
Elevation: 327 m (1090 ft) 
Slope: 15% Aspect: SW Shape: Complex 
Parent material: Glacial till. Local bedrock 
type: granofels and sulfidic schist. 
Native vegetation: White pine dominates with 
some oak and maple. 
Drainage class: Well-drained. 
Note: The C horizon is underlain by a 
shallow pan composed of sand and angular rock 
fragments. 
Site #19 94 
Location: Grimes Road, Town of Hubbardston 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/4/86 Lab. Nos: DB86291-86297 
Horizon 
Oi 
Oe 
Oa 
E 
A 
Bsl 
Bs2 
BC1 
BC2 
C 
Description 
2-1 cm; broken leaves and litter of oak, 
beech, maple. 
1-0 cm; partially decomposed litter. 
0-4 cm; decomposed humus with leached 
mineral grains. 
4-6 cm; discontinuous. 
6-15 cm; dark brown (7.5YR3/4) fine 
sandy loam. 
15-21 cm; bright brown (7.5YR5/8) fine 
sandy loam; weak subangular blocky 
structure; friable; many coarse medium 
and fine roots; clear wavy boundary. 
* thin section at 15 cm 
21-33 cm; yellowish brown (10YR5/8) 
fine sandy loam; weak subangular blocky 
structure; common fine roots; 5% rock 
fragments; clear wavy boundary. 
33-51 cm; yellowish brown (10YR5/6) 
sandy loam; coarse weak subangular 
blocky; friable; many coarse and medium 
roots; 10% rock fragments; clear wavy 
boundary. 
* thin section at 33 cm 
51-70 cm; bright yellowish brown (10YR 
6/6) sandy loam; massive; friable; 
few medium roots; 20% rock fragments 
gradual wavy boundary. 
70+ cm; dull yellow orange (10YR6/4) 
loamy sand; massive; friable; 25% rock 
fragments. 
Remarks: Approximate location: This site is located 
10 m S of Grimes Road at 42° 30' 43" N and 
71° 57' 21" W (USGS Gardner quadrangle). 
Elevation: 336 m (1120 ft) 
Slope: 10% Aspect: NW Shape: Complex 
gentle 
Parent material: The area is a mixture of 
till and stratified glacio-fluvial sands and 
gravels. This site is on a till drumlin. 
The local bedrock type is sulfidic schist. 
Native vegetation: Young growth of oak, 
beech and maple. 
Drainage class: Well-drained. 
Note: 
The A horizon has a pinkish hue and resembles 
a Bh horizon. 
Site #20 96 
Location: Prentiss Hill, Town of Westminster 
Classification: Typic Dystrocrept (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/4/86 Lab. Nos.: DB86298-86300 
Horizon Description 
Oi 2-0 cm; broken litter. 
Oe 0-2 cm; partially decomposed broken 
litter. 
Oa 2-4 cm; humified litter. 
Bwl 4-10 cm; yellowish brown (10YR5/8) 
fine sandy loam; weak medium subangular 
blocky; friable; fine and medium 
roots; 10% rock fragments; gradual 
smooth boundary. 
Bw2 10-40 cm; yellowish brown (10YR5/6) 
fine sandy loam; weak medium subangular 
blocky; friable; common fine and medium 
fine roots; 10% rock fragments; gradual 
smooth boundary. 
BC 40+ cm; yellowish brown (10YR5/6) 
fine sandy loam; massive; friable; 
10% rock fragments. 
Remarks: Approximate location: This site is located 
50 m W of South Street at 42° 30' 38" N and 
71° 56' 23" W (USGS Gardner quadrangle). 
Elevation: 339 m (1130 ft) 
Slope: 5% Aspect: E Shape: Complex 
gentle 
Parent material: Glacial till. Local bedrock 
type: sulfidic schist. 
Native vegetation: Young oak, beech and 
maple. 
Drainage class: Moderately welldrained. 
Site #21 97 
Location: Bolton Road, Town of Westminster 
Sampling date: 12/4/86 Lab. Nos.: DB86301-86304 
Horizon Description 
Oi 2-0 cm; broken litter of pine needles. 
Oe 0-2 cm; partially decomposed litter of 
pine needles. 
Oa 2-7 cm; humified litter. 
A 7-21 cm; brown (10YR4/4) fine sandy 
loam; crumb; friable; fine to medium 
fine roots; gradual smooth boundary. 
Bw 21-37 cm; yellowish brown (10YR5/6) 
fine sandy loam; weak subangular blocky; 
friable; many fine roots; <5% rock 
fragments; gradual wavy boundary. 
BC 37-52 cm; dull yellowish brown 
(10YR5/4) sandy loam; medium 
subangular blocky; friable; many medium 
to fine roots; <5% rock fragments; 
gradual smooth boundary. 
C 52+ cm; yellowish gray (2.5Y5/4) sandy 
loam; massive; friable; <5% rock 
fragments. 
Remarks: Approximate location: This site is located 
10 m E of South Street at 42° 30' 42" N and 
71° 54' 16" W. 
Elevation: 345 m (1150 ft) 
Slope: 5% Aspect: S Shape: Gentle 
convex 
Parent material: Glacial till. Local 
bedrock unit: biotite granofels and sulfidic 
schist. 
Native vegetation: White pine and maple. 
Drainage class: Well-drained. 
Site #22 98 
Location: Green Street, Town of Templeton 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/6/86 Lab. Nos.: DB86305-86310 
Horizon 
Oi 
Oe 
Oa 
E 
Bs 
BC1 
BC2 
BC3 
C 
Description 
4-0 cm; broken litter. 
0-1 cm; partially decomposed litter. 
1- 2 cm; humified litter. 
2- 7 cm; brown (7.5YR4/4) fine sandy 
loam; crumb structure; friable; common 
fine roots; clear smooth boundary. 
7-14 cm; bright brown (7.5YR5/8) fine 
sandy loam; weak fine subangular blocky 
structure; friable; many fine roots; 5% 
rock fragments, common 10 cm rocks; gradual 
smooth boundary. 
14-23 cm; yellowish brown (10YR5/8) 
fine sandy loam; weak fine subangular 
blocky structure; friable; common fine 
roots; 5% rock fragments; gradual smooth 
boundary. 
23-35 cm; yellowish brown (10YR5/6) 
fine sandy loam; coarse med subangular 
blocky structure; friable; few fine to 
medium roots; 10% rock fragments; 
gradual smooth boundary. 
35-50 cm; yellowish brown (10YR5/6) 
sandy loam; coarse subangular blocky 
structure; friable; few fine roots; 10% 
rock fragments; gradual smooth boundary. 
50+ cm; yellowish brown (10YR5/6) 
sandy loam; massive; firm; 25% rock 
fragments. 
Remarks: Approximate location: This site is located 
25 m W of Green Street at 42° 37' 1" N and 
72° 1' 0" (USGS Templeton quadrangle). 
Elevation: 345 m (1150 ft) 
Slope: 5% Aspect: W Shape: Gentle 
concave 
Parent material: Glacial till. Local bedrock 
unit: biotite granofels and sulfidic schist. 
Native vegetation: White pine and maple. 
Drainage class: Moderately well drained. 
Note: The C horizon was not clearly visible 
because of closely packed roots and the density 
of the material there. 
Site #23 100 
Location: Stone Road, Town of Ashburnham 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/6/86 Lab. Nos.: DB86311-86313 
Horizon Description 
Oi 3-1 cm; broken litter of pine needles. 
Oe 1-0 cm; partially decomposed litter. 
Oa 0-3 cm; humified litter. 
A 3-27 cm; dark yellowish brown (10YR4/4) 
fine sandy loam; crumb structure; 
friable; few fine to medium roots; 
<5% rock fragments; clear wavy boundary. 
Bw 27-63 cm; yellowish brown (10YR5/6) 
sandy loam; weak coarse subangular 
blocky structure; friable; few fine to 
medium roots; 10% rock fragments; 
gradual wavy boundary. 
C 63+ cm; light yellowish brown (10YR6/4) 
sandy loam; massive; dense, somewhat 
brittle; 10% rock fragments. 
Remarks: Approximate location: This site is 50 m W 
of Stone Road and near the trail at 42° 36' 
56" N and 71° 59' 32" W (USGS Gardner 
quadrangle). 
Elevation: 336 m (1120 ft) 
Slope: 10% Aspect: W Shape: Simple 
concave 
Parent material: Glacial till. Local bedrock 
type: granofels and sulfidic schists. 
Native vegetation: White pine and beech. 
This site is in a fence row above a wet 
brushy area. 
Drainage class: Moderately well drained. 
Site #24 101 
Location: Water Tank Road, Town of Ashburnham 
Classification: Aquic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/6/86 Lab. Nos.: DB86314-86318 
Horizon Description 
Oi 7-0 cm; broken litter of maple and 
birch. 
Oe 
C
M
 
) 
O
 cm; partially decomposed litter. 
Oa 2-7 cm; humified litter. 
A 7-26 cm; dark brown (7.5YR3/3) fine 
sandy loam; weak subangular blocky 
structure; friable; few coarse and 
common fine roots; clear smooth 
boundary. 
E 26-32 cm; grayish brown (10YR6/2) 
sandy loam; massive; friable; smooth 
wavy boundary. 
Bs 32-43 cm; bright reddish brown (5YR5/8) 
fine sandy loam; medium subangular 
blocky structure; friable; few fine 
and medium roots; clear wavy boundary. 
* thin section top at 32 cm 
BC 43-57 cm; yellowish brown (10YR5/8) 
sandy loam; massive; friable; few fine 
and medium roots; clear wavy boundary. 
* thin section top at 43 cm 
C 57+ cm; yellowish brown (10YR5/6) 
sandy loam; massive; firm; many fine 
rock fragments. 
Remarks: Approximate location: This site is located 
1 km NW of Gardner St on the unmarked road by 
the water tank at 42° 36' 44" N and 71° 
57' 21" W (USGS Gardner quadrangle). 
Elevation: 300 m (1000 ft) 
Slope: 3% Aspect: N Shape: Complex 
concave 
Parent material: Glacial till. 
Native vegetation: Fir dominates with some 
young maple and birch. 
Drainage class: Somewhat poorly drained. 
Note: 
The mottles in the Bs and BC horizons, (common 
distinct 5YR4/8), have the appearance of 
concretions. The A and E horizons are disconti¬ 
nuous and intermingled. 
Site #25 103 
Location: Roadside Pit, Gardner 
Classification: Typic Haplorthod (coarse-loamy over 
sandy or sandy skeletal, mixed, mesic) 
Sampling date: 12/7/86 Lab. Nos.: DB86319-86324 
Horizon Description 
Oi 11-0 cm; mixed litter of deciduous and 
conifer trees. 
Oe 0-2 cm; partially decomposed litter. 
Oa 2-7 cm; humified litter. 
A 7-12 cm; grayish yellow brown (10YR 4/2) 
sandy loam; very fine granular structure; 
friable; common medium roots; 2% fine rock 
fragments; gradual wavy boundary. 
Bsl 12-19 cm; brown (7.5YR4/6) sandy loam; 
medium subangular blocky structure; 
friable; common fine roots; >10% fine rock 
fragments; gradual wavy boundary. 
Bs2 19-31 cm; bright brown (7.5YR5/8) sandy 
loam; medium weak subangular blocky 
structure; friable; few fine roots; >10% 
fine rock fragments; gradual wavy boundary. 
BC1 31-47 cm; yellowish brown (10YR5/8) sandy 
loam; massive; friable; common medium roots; 
25% fine and medium rock fragments; gradual 
smooth boundary. 
BC2 47-69 cm; yellowish brown (10YR5/6) sandy 
loam; massive; friable; few fine and medium 
roots; 25% fine and medium rock fragments; 
gradual smooth boundary. 
Cl 69-81 cm; yellowish brown (10YR5/6) loamy 
sand; massive; friable; 50% fine and medium 
rock fragments; gradual smooth boundary. 
C2 81+ cm; yellow (10YR 7/6) sand; massive; 
firm. 
Remarks: Approximate location: This site is located 60 m E 
of Platts Road at 42° 36' 56" N and 71° 55' 25" 
W (USGS Gardner quadrangle). 
Elevation: 255 m (850 ft) 
Slope: 5% Aspect: W Shape: Gentle convex 
Parent material: Glacio-fluvial sands and 
gravels under a mantle of till. 
Native vegetation: Cherry, with some spruce and 
fir. 
Drainage class: Well-drained. 
Note: 
The Bsl horizon has a multicolored appearance. 
Some of the mixed colors have a matrix of 7.5YR4/6 
at the upper and 7.5YR5/8 at the lower region 
of the horizon, with higher chroma of 7.5YR6/8. 
Site #26 105 
Location: Willard Road, Town of Gardner 
Classification: Aquic Haplorthod (coarse-loamy mixed, 
frigid. 
Sampling date: 
Horizon 
Oi 
Oe 
Oa 
12/7/86 Lab. Nos.: DB86325-86328 
Description 
3-1 cm; broken litter of oak and pine. 
1-0 cm; partially decomposed litter. 
0-5 cm; humified litter. 
E 5-16 cm; brown (7.5YR5/2) fine sandy loam; 
granular structure; friable; common fine 
and medium roots; clear wavy boundary. 
Bsl 16-27 cm; strong brown (7.5YR4/6) fine 
sandy loam; fine weak subangular blocky 
structure; friable; common fine and medium 
roots; gradual wavy boundary. 
* thin section top at 18 cm 
Bs2 27-42 cm; brown (7.5YR4/4) fine sandy 
loam; fine weak subangular blocky 
structure; friable; few medium roots; 
30% distinct mottles (10YR7/4); gradual 
wavy boundary. 
Bs3 42-66 cm; dark brown (7.5YR3/4) fine 
sandy loam; coarse subangular blocky; 
friable; few fine roots; few faint mottles 
(10YR 4/4); gradual wavy boundary. 
BC 66+ cm; yellowish brown (10YR5/6) sandy 
loam; massive; friable; 30% medium and 
fine rock fragments. 
Remarks: Approximate location: This site is located 10 m 
E of Willard Road and Whitney Hill Roads inter¬ 
section, at 42° 34' 19" N and 72° 53' 34" W (USGS 
Gardner quadrangle). 
Elevation: 336 m (1120 ft) 
Slope: 2% Aspect: E Shape: Gentle convex 
Parent material: Glacial till. Local bedrock 
type: aluminous mica schist. 
106 
Native vegetation: White pine with some oak. 
Drainage class: Somewhat poorly drained. 
Site #27 107 
Location: Watatic Ski Area, Town of Ashburnham 
Classification: Typic Haplorthod (coarse-loamy, mixed, 
frigid) 
Sampling date: 12/7/86 Lab. Nos.: DB86329-86334 
Horizon 
Oi 
Oe 
Oa 
A 
Bs 
BC1 
BC2 
BC3 
Cl 
C2 
Description 
4-1 cm; broken litter of spruce and beech. 
I- 0 cm; partially decomposed litter. 
0-8 cm; humified litter. 
8-11 cm; dark yellowish brown (10YR3/4) 
fine sandy loam; fine crumb structure; few 
fine to medium roots; smooth wavy boundary. 
II- 19 cm; brown (7.5YR4/4) fine sandy 
loam; medium subangular blocky structure; 
few fine to medium roots; smooth wavy 
boundary. 
*thin section sample 
19-35 cm; dark yellowish brown (10YR4/6) 
fine sandy loam; weak fine subangular 
blocky; friable; few very fine to medium 
fine roots; smooth wavy boundary. 
35-47 cm; dark brown (10YR3/3) fine sandy 
loam; weak fine subangular blocky; friable; 
few fine to coarse roots; smooth wavy 
boundary. 
47-57 cm; dark yellowish brown (10YR4/4) 
sandy loam; weak fine subangular blocky 
structure; friable; few medium to fine 
roots; smooth wavy boundary. 
57-60 cm; dark yellowish brown (10YR4/4); 
sandy loam; massive; friable; smooth wavy 
boundary. 
60+ cm; brown (10YR4/3); massive; 
friable. 
Remarks: Approximate location: This site is located 100m 
W of Bennett Road at 42° 42' 37" N and 71° 53' 
38" W (USGS Ashburnham quadrangle). 
Elevation: 375 m (1250 ft) 
Slope: 5% Aspect: NE Shape: Gentle complex 
Parent material: Glacial till. Local bedrock 
type: aluminous mica schist. 
Native vegetation: Spruce and beech with some 
black birch. 
Drainage class: Well-drained. 
Note: 
There were several large boulders in this pit. 
Site #28 109 
Location: Swallow Hill, Town of Ashburnham 
Classification: Aquic Dystrocrept (coarse-loamy, mixed, 
frigid) 
Sampling date: 12/8/86 Lab. Nos: DB86336-86339 
Horizon 
Oi 
Oe 
Oa 
A 
Bwl 
Bw2 
Cl 
C2 
Description 
2-1 cm; broken litter of maple, oak and 
beecb. 
1-0 cm; partially decomposed litter. 
0-8 cm; humified litter. 
8-17 cm; dark yellowish brown (10YR4/6) 
fine sandy loam; medium subangular blocky 
structure; friable; few fine to medium 
roots; smooth wavy boundary. 
17-33 cm; dark yellowish brown (10YR4/6) 
fine sandy loam; medium subangular blocky 
structure; friable; few medium roots; few 
medium, faint mottles (10YR5/3); smooth 
wavy boundary . 
33-55 cm; dark yellowish brown (10YR4/6) 
fine sandy loam; medium subangular blocky 
structure; friable; common medium distinct 
mottles (7.5YR3/4, 10YR5/3); smooth 
wavy boundary. 
55-70 cm; olive brown (2.5Y4/4) sandy 
loam; medium subangular blocky; friable; 
few fine roots; few medium prominent mottles 
(7.5YR3/4); gradual smooth boundary. 
70+ cm; olive brown (2.5Y4/3) sandy loam; 
massive; dense. 
Remarks: Approximate location: This site is located 300 m 
SW of Rindge Road and 30 m W of Wallace Pond, at 
42° 42' 53" N and 71° 55' 49" W (USGS 
Ashburnham quadrangle). 
Elevation: 363 m (1210 ft) 
Slope: 5% Aspect: E Shape: Gentle convex 
Parent material: Glacial till. Local bedrock 
type: aluminous mica schist. 
Native vegetation: White pine dominates, with 
some maple, oak, and beech. 
Drainage class: Somewhat poorly drained. 
Note: 
The very moist character of this site is 
apparently due to the dense underlying material. 
Site #29 111 
Location: East Rindge Road, Ashburnham 
Classification: Typic Haplorthod (coarse-loamy, 
mixed, frigid) 
Sampling date: 12/8/86 Lab. Nos.: DB86340-86342 
Horizon Description 
Oi 3-1 cm; broken litter of pine needles. 
Oe 1-0 cm; partially decomposed litter. 
Oa 0-5 cm; humified litter. 
Ap 5-24 cm; brown (10YR4/3) fine sandy loam; 
granular structure; few fine roots; clear 
smooth boundary. 
Bs 24-33 cm; strong brown (7.5YR4/6) sandy loam; 
medium subangular blocky structure; friable; 
few medium roots; gradual wavy boundary. 
*thin section taken here 
C 33+ cm; brown (10YR5/4) sandy loam; massive; 
friable. 
Remarks: Location: This site is located 8m E of Rindge 
Road at 42° 42' 31" N and 71° 57' 40” W (USGS 
Ashburnham quadrangle). 
Elevation: 354 m (1180 ft) 
Slope: 5% Aspect: W Shape: Simple 
convex 
Parent material: Glacial till. Local bedrock 
unit: sulfidic schist. 
Native vegetation: White pine dominates, with 
some young oak and maple. 
Drainage class: Well-drained. 
Note: The C continues as sand underneath. 
Site #30 112 
Location: Howard Road, Town of Winchendon 
Classification: Typic Dystrocrept (coarse-loamy over 
sandy, mixed, mesic) 
Sampling date: 12/9/86 Lab. Nos.: DB86343-86346 
Horizon 
Oi 
Oe 
Oa 
Description 
2-1 cm; broken litter of pine needles. 
1-0 cm; partially decomposed litter. 
0-1 cm; humified litter. 
A 1-18 cm; brown (10YR4/3) loam; crumb 
structure; friable; many fine roots; 
clear smooth boundary. 
Bw 18-28 cm; brownish yellow (10YR6/6) 
fine sandy loam; weak subangular blocky; 
friable; many fine roots; clear gradual 
boundary. 
BC 28-40 cm; brownish yellow (10YR6/6) 
sandy loam; weak subangular blocky; 
friable; few fine roots; gradual smooth 
boundary. 
C 40+ cm; olive yellow (2.5Y6/6) loamy 
sand; massive; friable. 
Remarks: Approximate location: This site is located 
at 42° 36' 57" N and 72° 2' 12" W. 
Elevation: 300 m (1000 ft) 
Slope: 5% Aspect: NW Shape: Gentle convex 
Parent material: Glacial till. 
Native vegetation: White pine with some maple. 
Drainage class: Moderately well drained. 
Site *32 113 
Location: Crosby Hill, Town of Ashburnham 
Classification: Aquic Haplorthod (coarse-loamy, mixed, 
frigid) 
Sampling date: 12/9/86 Lab. Nos.: DB86349-86351 
Horizon 
Oi 
Oe 
Oa 
Description 
2-1 cm; broken litter of oak, beech, 
and pine. 
1-0 cm; partially decomposed litter. 
0-12 cm; humified litter. 
A 12-24 cm; brown (7.5YR4/2) fine sandy 
loam; weak granular structure; common 
fine to medium roots; gradual wavy 
boundary. 
Bsl 24-34 cm; brown (7.5YR5/3) fine sandy 
loam; weak granular structure; few 
medium roots; clear wavy boundary. 
Bs2 34-49 cm; strong brown (7.5YR4/6) 
fine sandy loam; medium subangular 
blocky; friable; many medium distinct 
mottles 10YR5/6; gradual smooth boundary. 
BC 49+ cm; yellowish brown (10YR5/6) 
fine sandy loam; medium subangular 
blocky; friable; few medium faint 
reddish concretions 10YR3/4. 
Remarks: Approximate location: This site is located at 
800 m E of Forrestal Road and 3 m S of Crosby 
Road at 42° 42' 38" N and 72° 1' 35" W (USGS 
Winchendon quadrangle. 
Elevation: 369 m (1230 ft) 
Slope: 5% Aspect: NNW Shape: Simple 
gentle 
Parent material: Glacial till. Local bedrock 
type, sulfidic mica schist. 
Native vegetation: Oak dominates, with some 
beech and white pine. 
Drainage class: Somewhat poorly drained. 
APPENDIX B 
LABORATORY CHARACTERIZATION DATA FOR SITES 
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